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 8 . 0 SUMMARY
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land
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har
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ing
and
(2)
mun
ici
pal
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ate
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rri
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gat
ion
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re
bei
ng
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die
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sse
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sou
rce
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for
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nda
ry
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Gre
at
Lak
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Of
pri
mar
y c
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fru
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men
t o
f p
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ici
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was
tew
ate
r i
rri
gat
ion
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mov
eme
nt
of
nut
rie
nts
.
A m
ass
bal
anc
e a
ppr
oac
h i
s b
ein
g a
tte
mpt
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in
bot
h s
tud
y a
rea
s
usi
ng
int
ens
ive
sam
pli
ng
met
hod
olo
gie
s
in
ord
er
to
dir
ect
ly
mea
sur
e
the
maj
or
mas
s f
low
s o
f c
rit
ica
l m
ate
ria
ls
fro
m t
he
lan
d t
o s
urf
ace
str
eam
cha
nne
ls.
Con
tin
uou
s r
eco
rds
of
str
eam
diS
Cha
rge
at
sel
ect
ed
sit
es
cou
ple
d
wit
h a
n a
dap
tiv
e a
uto
mat
ed
wat
er
sam
pli
ng
sch
eme
are
bei
ng
use
d a
s t
he
met
hod
olo
gic
al
bas
is
for
det
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ini
ng
the
mas
s
flo
ws
of
som
e 5
7 p
est
ici
de
parameters and 26 other paramters of water qualitya
Was
tew
ate
r
irr
iga
tio
n s
ite
s,
if
pro
per
ly
des
ign
ed
and
man
age
d,
do
not
app
ear
to
rep
res
ent
a s
ign
ifi
can
t s
our
ce
of
non
—po
int
pol
lut
ant
s.
Mis
—
mana
geme
nt o
r po
or d
esig
n on
such
syst
ems
can
pres
ent
seri
ous
prob
lems
to
bot
h t
he
qua
lit
y o
f s
urf
ace
and
gro
und
wat
eri
The
out
put
of
thi
s p
has
e o
f
the
stu
dy
wil
l b
e d
esi
gn
and
man
age
men
t r
eco
mme
nda
tio
ns
(re
med
ial
mea
sur
es)
aim
ed
at
dev
elo
pin
g o
pti
mal
sol
uti
ons
to
the
pro
ble
ms
of
bot
h s
urf
ace
and
ground water quality.
Fru
it
orc
har
d f
arm
ing
emp
loy
s
int
ens
ive
use
of
man
y p
est
ici
des
.
We
are
fin
din
g d
ete
cta
ble
amo
unt
s o
f p
est
ici
de
che
mic
als
bei
ng
tra
nsp
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ed
fro
m
the
lan
d t
o t
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wat
er.
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ica
nce
of
thi
s h
as
not
as
yet
bee
n
res
olv
ed
but
wil
l b
e a
ddr
ess
ed
in
our
fin
al
rep
ort
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 9.0 INTRODUCTION
Two Michigan subwatersheds are included as representative U.S. watersheds
for land drainage studies on the input of polluting materials to the
Great Lakes. One, Feltog:herron Gregg, is a Sub—watershed of the Grand
River with features well suited for investigating land drainage from a
liquid waste disposal area. The other, Mill Creek, represents a basin
typical of the large fruit growing area of southwestern lower Michigan.
9.1 STUDY QUESTIONS
The general purpose of the pilot watershed studies being conducted in
the State of Michigan is to evaluate land drainage from agricultural or
other land uses not adequately represented in the other U.S. Watershed
Studies. The two selected for inclusion will significantly extend the
resolution of the impact of unique land uses to streams tributary to
the Great Lakes.
9.1.1 FELTON—HERRON CREEK
Recent laws have mandated consideration of land application systems as an
alternative to more conventional waste treatment facilities. Land irri—
gation for treatment of municipal wastewaters occurs on only a small
percentage of land area in the Great Lakes Region. In Michigan, for
exam
ple,
40 s
mall
comm
unit
ies
rang
ing
in s
ize
from
100
to 6
,600
pers
ons
are presently utilizingsome form of land irrigation. These 40 small
communities serve a combined population of over 59,000 people. In
addi
tion
, t
he M
uske
gon
syst
em s
erve
s a
tota
l po
pula
tion
of o
ver
79,0
00
peo
ple
.
Thus
, l
and
tre
atm
ent
of
mun
ici
pal
eff
lue
nt
is
alr
ead
y u
sed
for
clos
e to
140,
000
peop
le i
n Mi
chig
an a
lone
, an
d th
is t
echn
olog
y is
expa
nd—
ing
as
oth
er
sma
ll
com
mun
iti
es
ado
pt
it.
Whi
le
lan
d t
rea
tme
nt
of
was
te—
wat
ers
has
bee
n s
how
n t
o e
ffe
cti
vel
y l
owe
r n
utr
ien
t c
onc
ent
rat
ion
s t
o
lev
els
com
par
abl
e t
o o
r l
owe
r t
han
tho
se
ach
iev
ed
by
con
ven
tio
nal
was
te
tre
atm
ent
fac
ili
tie
s,
the
imp
act
of
dif
fus
ing
the
se
poi
nt
sou
rce
s
to
non
—
poi
nt
sou
rce
s a
nd
the
imp
act
of
var
iou
s v
ege
tat
ion
man
age
men
t s
che
mes
on
the
se
non
—po
int
dis
cha
rge
s t
hro
ugh
fie
ld
til
es,
see
pag
es,
run
off
,
or
gro
und
wat
er
rec
har
ge
has
not
bee
n w
ell
doc
ume
nte
d.
In
stu
die
s
at
Mic
hig
an
Sta
te
Uni
ver
sit
y,
the
imp
act
s o
f v
ari
ous
irr
iga
tio
n a
nd
veg
eta
tiv
e m
ana
ge—
men
t s
che
mes
on
dis
cha
rge
of
pho
sph
oru
s a
nd
nit
rog
en
to
str
eam
s a
nd
gro
und
wat
er
in
the
Gre
at
Lak
es
Reg
ion
hav
e b
een
inv
est
iga
ted
.
The
se
st
ud
ie
s
fo
rm
the
co
re
of
the
Fe
lt
on
—H
er
ro
n
Cr
ee
k
"W
at
er
sh
ed
"
st
udy
.
The
gen
era
l o
bje
cti
ves
of
the
Fel
ton
—He
rro
n C
ree
k p
ort
ion
of
the
stu
dy
are
to
(1)
dev
elo
p m
ana
gem
ent
and
des
ign
cri
ter
ia
to
min
imi
ze
sur
fac
e
and
sub
sur
fac
e w
ate
r c
ont
ami
nat
ion
in
was
tew
ate
r
irr
iga
tio
n s
yst
ems
,
and
(2)
arr
ive
at
rea
son
abl
e p
oll
uta
nt
loa
din
g v
alu
es
ass
oci
ate
d w
ith
these practices.
 
 9.1.2 MILL CREEK
The
obj
ect
ive
of
thi
s
res
ear
ch
eff
ort
is
to
ass
ess
the
mag
nit
ude
of
the
pes
tic
ide
s
and
sed
ime
nt
tra
nsp
ort
ed
fro
m a
wat
ers
hed
typ
ica
l o
f
the
kin
d
of
agr
icu
ltu
re
sub
jec
t
to
the
mos
t
int
ens
ive
pes
tic
ide
usa
ge
in
the
Gre
at
Lakes Basin; fruit orchard farming.
The
pes
tic
ide
tra
nsp
ort
pro
ces
s
can
be
div
ide
d
int
o
two
cat
ego
rie
s:
(1)
pes
tic
ide
tra
nsp
ort
ed
in
sol
uti
on,
and
(2)
pes
tic
ide
ads
orb
ed
to
par
tic
u—
lat
e m
att
er
and
con
vec
ted
alo
ng
wit
h
the
sed
ime
nt
loa
d o
f
the
str
eam
.
Thi
s
dis
tin
cti
on
is
nec
ess
ary
if
one
is
to
acc
ura
tel
y
ide
nti
fy
the
sou
rce
of the problem.
The
rem
ova
l
and
sub
seq
uen
t
tra
nsp
ort
of
agr
icu
ltu
ral
non
-po
int
sou
rce
pol
lut
ant
s
are
dir
ect
ly
rel
ate
d
to
the
rai
nfa
ll-
run
off
pro
ces
s.
Ove
rla
nd
flo
w i
s r
esp
ons
ibl
e f
or
the
ini
tia
l m
ove
men
t o
f p
oll
uta
nts
fro
m t
he
lan
d
sur
fac
e t
o t
he
str
eam
.
Onc
e i
n t
he
str
eam
,
the
pol
lut
ant
may
be
tra
ns-
por
ted
con
sid
era
ble
dis
tan
ces
by
the
str
eam
flo
w.
In
the
par
tic
ula
r c
ase
of
pes
tic
ide
s t
he
qua
nti
ty
tra
nsp
ort
ed
is
rel
ate
d t
o t
he
sol
ubi
lit
y a
nd
ads
orp
tiv
e c
har
act
eri
sti
cs
of
the
pes
tic
ide
con
sid
ere
d.
The
tra
nsl
oca
tio
n
of
pes
tic
ide
s t
hat
are
ads
orb
ed
to
or
coa
ted
on
sed
ime
nt
par
tic
les
dep
end
s
on
the
man
y v
ari
abl
es
inf
lue
nci
ng
the
cap
abi
lit
y o
f a
str
eam
to
tra
nsp
ort
sed
ime
nt,
whe
rea
s t
hos
e
tha
t a
re
wat
er
sol
ubl
e w
ill
be
con
vey
ed
in
amo
unt
s
tha
t a
re
dir
ect
ly
pro
por
tio
nal
to
the
ir
con
cen
tra
tio
n l
eve
l a
nd
the
str
eam
discharge.
In
vie
w o
f t
he
abo
ve
des
cri
pti
on
of
the
pro
ces
ses
res
pon
sib
le
for
the
tra
nsp
ort
of
pes
tic
ide
s,
the
maj
or
obj
ect
ive
of
our
res
ear
ch
eff
ort
is
to
det
erm
ine
the
rel
ati
ve
amo
unt
of
pes
tic
ide
tra
nsp
ort
ed
on
the
sus
pen
ded
sol
ids
and
in
sol
uti
on.
As
a r
esu
lt
of
suc
h a
det
erm
ina
tio
n i
t w
oul
d
the
n
be
pos
sib
le
to
asc
ert
ain
the
mag
nit
ude
and
sou
rce
of
this
non
—po
int
sou
rce
problem.
9.2 STUDY APPROACH
Thi
s s
tud
y w
as
con
duc
ted
ent
ire
ly
wit
hin
the
Gra
nd
Riv
er,
Mic
hig
an
wat
er—
she
d.
Mai
n s
tem
mon
ito
rin
g o
f t
he
Gra
nd
Riv
er
was
not
an
asp
ect
of
thi
s
pro
gra
m,
but
rat
her
two
dis
cre
te
sub
-ba
sin
s w
ith
in
the
Gra
nd
Riv
er
wat
er—
she
d w
ere
sel
ect
ed
to
exa
min
e s
pec
ial
ize
d l
and
uses
.
Res
ult
s f
rom
the
two
sub
—ba
sin
s (
Mill
Cre
ek
and
Fel
ton
Dra
in)
are
to b
e t
rea
ted
sep
ara
tel
y.
Ther
e wi
ll b
e no
atte
mpt
for
clos
ure
on m
ass
bala
nces
for
the
Gran
d Ri
ver
wat
ers
hed
as
a un
it
sin
ce
onl
y t
wo
of
man
y l
and
use
s w
ere
exa
min
ed.
The
gen
era
l a
ppr
oac
h o
n t
he
Mil
l C
ree
k a
nd
Fel
ton
stu
die
s w
as
to
gat
her
dat
a
on
an
int
ens
ive
sca
le
fro
m s
mal
l a
rea
s i
n o
rde
r t
o c
har
act
eri
ze
tra
nsp
ort
mechanisms between the land and water.
9.3 METHODS
9.3.1 FELTON~HERRON CREEK
The conceptual basis for our monitoring approach for this watershed is
shaped by the fact that there are two types of hydrological events
experienced in the watershed. The first is natural precipitation (rain
and snow) and the second is the terrestrial irrigation of secondary
effluent. Our monitoring network thus consists of: (1) stations located
on the primary site and (2) stations located to intercept surface flows
before entry into the Felton channel. Monitoring stations on the main
channel yield integrated data on all upstream inputs regardless of source
and "side stations" yield direct estimates of the output from a particular
land use. Through upstream—downstream comparisons of water quantity and
quality, through temporal differences in water quantity and quality
initiated by natural precipitation or by irrigation and by direct cal—
culation of "side station” inputs we have the capability for good closure
on our mass balance estimates.
The Felton watershed can be subdivided into three general land uses which
are subjected to wastewater irrigation: (1) old fields with various
management practices; (2) cultivated row crops, and (3) hardwood forest.
Wastewater can be applied as secondary effluent, as renovated secondary
effluent (polished via series flow through shallow man—made lakes) or
various intermediate qualities.
Surface flows at all stations are guaged and automatic samplers are
triggered by a rising hydrograph. All water analyses are done in the
laboratory according to acceptable and established procedures. Soil
sampling, vegetative sampling, subsurface water quality, and atmos-
pheric inputs are being measured to complete the mass balances. Emphasis
is being placed on the parameters of nitrogen and phosphorus due to their
relative importance to subsurface and surface water quality, respectively.
9.3.1.1 Old Field Irrigation Studies
For the past several years efforts have been directed toward the deter-
mination and understanding of hydrologic and nutrient mass balances on
a three hectare subwatershed subjectedto year-round spray of municipal
sewage effluent, as part of the Felton—Herron Creek Watershed project.
Spray operations have continued into the spring of this year with
extensive monitoring of water and key nutrient movements, resulting in
an assessment of the overall mass balances. In particular, winter spray
operations were emphasized, the objective being to determine the
feasibility of wastewater spray irrigation under the duress of a
northern winter climate. Runoff from such systems, especially during
spring runoff, could constitute a major non—point pollution source if
not properly managed. Such systems are increasingly being adopted on
a wide scale basis and appropriate operating criteria need to be developed.
Automatic recording equipment was winterized and used to monitor runoff
and collect samples for subsequent nutrient analysis. Suction lysimeters
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9.3.2 MILL CREEK
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 storm runoff events. As a result, water samples are taken only during
storm runoff periods. Twenty-eight samples are taken per runoff event
with each sample reflecting the average concentration over some prede—
termined time interval. The water samples are then analyzed for pes—
tici
de (
adso
rbed
and
diss
olve
d)
and
sedi
ment
conc
entr
atio
ns.
In c
on—
junc
tion
with
the
wate
r qu
alit
y da
ta,
simu
ltan
eous
meas
urem
ents
of s
trea
m
disc
harg
e ar
e al
so m
ade.
Henc
e, b
y co
upli
ng t
he s
trea
m fl
ow a
nd t
he
wate
r qu
alit
y me
asur
emen
ts
the
mass
of p
esti
cide
and
sedi
ment
leav
ing
the watershed can be evaluated.
9.4 KEY PARAMETERS
9.4.1 FELTON—HERRON CREEK
Although a broad spectrum of inorganic chemicals were monitored, emphasis
was placed on total phosphorus and nitrate.
9.4.2 MILL CREEK
Many pesticide residues were examined. Data would suggest that those of
importance include DDT, DDE, Atrazine and Guthion. Nutrient parameters
were not emphasized.
 l0.
0/l
l.0
TA
BU
LA
TE
D
RES
ULT
S
AND
CON
CLU
SIO
NS
lO.l/ll.l LAND uses AND PRACTICES
The
Fel
ton
—He
rro
n C
ree
k S
tud
ies
rep
res
ent
spe
cia
liz
ed
lan
d u
ses
not
inc
lud
ed
in
the
10
agr
eed
upo
n g
ene
ral
cat
ego
rie
s.
Was
tew
ate
r i
rri
gat
ion
on
row
cro
ps,
old
fie
lds
and
for
est
s i
den
tif
y t
he
gen
era
l u
ses
and
pra
c—
tic
es.
Det
ail
ed
inf
orm
ati
on
on
soi
ls,
sub
—ba
sin
are
as,
veg
eta
tio
n a
nd
man
age
men
t w
ill
be
pre
sen
ted
in
the
fin
al
rep
ort
sub
div
ide
d i
nto
the
following categories:
Old Field Studies
Cropland Studies
Forest Studies
Felton Drain Studies
Baseline Watershed Studies
Winter Irrigation Studies
O
‘
U
‘
I
D
W
N
H
.
o
lO.2/ll.2 LOADS
All
loa
ds
for
our
sam
pli
ng
sta
tio
ns
are
cal
cul
ate
d u
sin
g t
he
Bea
le
rat
io
est
ima
tor
tec
hni
que
whi
ch
was
inc
orp
ora
ted
int
o o
ur
exi
sti
ng
pro
gra
ms
whi
ch
use
s f
low
—we
igh
ted
mea
n c
onc
ent
rat
ion
and
mea
n d
isc
har
ge
per
pre
-se
t t
ime
int
erv
al.
We
use
the
fol
low
ing
str
ata
:
(1)
ann
ual
loa
din
g;
(2)
sea
son
al
loa
din
g [
(a)
spr
ing
run
off
as
det
erm
ine
d f
rom
dis
cha
rge
rec
ord
s,
(b)
spr
ing
pos
t-r
uno
ff,
(c)
sum
mer
,
(d)
fal
l,
(e)
win
ter
].
In
eve
ry
cas
e,
loa
d e
sti
-
mat
es
wer
e g
ene
rat
ed
usi
ng
the
unb
ias
ed
flo
w-w
eig
hte
d m
ean
con
cen
tra
tio
n
and
mea
n d
ail
y f
low
for
the
per
iod
usi
ng
the
Bea
le
tec
hni
que
.
lO.2.l/ll.2.l OLD FIELD STUDIES
The
old
fie
ld
veg
eta
tio
n s
ite
s e
ffe
cti
vel
y c
ont
rol
led
dis
cha
rge
of
N a
nd
P t
o g
rou
nd
and
sur
fac
e
wat
ers
. W
hil
e m
ine
ral
N c
onc
ent
rat
ion
in
the
top
soi
l (
15
cm
dep
th)
exc
eed
ed
10
mg/
l a
t t
he
end
of
the
gro
win
g s
eas
on,
fur
the
r p
lan
t s
oil
int
era
cti
on
to
the
120
cm
dep
th
low
ere
d t
hat
con
cen
-
tra
tio
n t
o l
eve
ls
muc
h l
owe
r t
han
the
10
mg
N/l
dri
nki
ng
wat
er
sta
nda
rd
thr
oug
hou
t t
he
Apr
il
thr
oug
h O
cto
ber
was
tew
ate
r i
rri
gat
ion
sea
son
.
Whe
n
irr
iga
ted
at
5 c
m/w
k,
N d
isc
har
ges
fro
m t
he
old
fie
ld
wer
e l
ess
tha
n 3
0
kg
N/h
a (
Tab
le
l).
Dou
bli
ng
tha
t i
rri
gat
ion
rat
e q
uad
rup
led
the
dis
cha
rge
of
N w
hen
the
beg
eta
tio
n w
as
unh
arv
est
ed
(Ta
ble
2).
Man
age
men
t
of
the
veg
eta
tio
n b
y
one
or
two
har
ves
ts
per
yea
r
low
ere
d
the
dis
cha
rge
of
N
to
gro
und
wat
er
for
the
10
cm/
wk
rat
e.
At
the
5 c
m/w
k
rat
e
the
pri
mar
y a
ffe
ct
was
to
cha
nge
the
fat
e o
f t
he
add
ed
N.
For
the
unh
ar—
ves
ted
plo
ts
mos
t o
f t
he
add
ed
N w
as
ret
ain
ed
in
the
soi
l—v
ege
tat
ion
sys
tem
; f
or
the
har
ves
ted
plo
ts
mos
t w
as
rem
ove
d i
n t
he
veg
eta
tio
n h
arV
est
.
 Table 1 : Mass Balance for Inorganic N for the 5 cm/week 01d Field Irrigation Site.
Values in kg N/ha.
Month
Input
No Harvest
One Harvest
TWO Harvests
Precipi-
tation Irrigation
Total Recharge Retention
Vegetation
Removal Recharge
Retention
Vegetation
Removal
Recharge Retention
October 76
November 76
December 76
January 77
February 77
March 77
April 77
May 77
June 77
J
u
l
y
77
August 77
September 77
ANNUAL
Percent
of Input
1.
52
0.59
0.38
0.28
4.65
2.05
3.
00
0.36
3.01
1.29
1.77
3.35
22.25
13
25.97
0
10.13
17.94
15.
42
25.79
26.26
21.51
143
.02
87
27.49
0.59
0.38
0.28
4.65
2.05
13.13
18.30
18.43
27.08
28.03
24.86
165.27
100
7.
02
0.94
0.54
0.35
0.50
1.
35
3.
32
0.98
0.30
1.00
1.44
11.10
28.84
17
20.47
-0.35
—0.16
-0.07
4.15
0.70
9.81
17.
32
18.13
26.08
26.59
13.76
136.43
8
3
0
6.12
0
0.67
o
0.39
0 0.26
O 0.38
0 1.11
0
2.91
0
1.75
145
1.54
0
2.91
0 5.47
0 6.68
145 30.19
88
18
21.37
-0.08
-0.01
0.02
4.27
0.94
10.22
16.55
-128.11
24.17
22.56
18.
18
-9.
92
—6
0
88
181
110
2.03
0.83
0.43
0.25
0.31
0.59
0.65
0.66
0.31
1.08
1.51
1.52
10.17
25.46
-0.25
—0.05
0.03
4.34
1.46
12.
48
17.64
-74
.88
26.00
26.53
—64.66
—25.90
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 Tabl
e 2
: M
ass
Bala
nce
for
Inor
gani
c N
for
the
10 c
m/we
ek 0
1d
Fiel
d I
rrig
atio
n Si
te.
Valu
es
in k
g N/
ha.
Input
No Ha
rvest
One
Har
ves
t
Two Harvests
Prec
ipi—
tat
ion
Irrig
ation
Total
Rech
arge
Re
te
nt
io
n
Vegetation
Removal
Rech
arge
Re
te
nt
io
n
Vegetation
Rem
ova
l Re
ch
ar
ge
Rete
ntio
n
Octob
er 76
Nov
emb
er
76
Decem
ber
76
Janua
ry 77
Fe
br
ua
ry
77
Marc
h 7
7
Apri
l 77
May 77
June 77
Jul
y 7
7
Augu
st 7
7
Sep
tem
ber
77
ANN
UAL
Percent
of Input
1.
52
0.
59
0.38
0.
28
4.65
2.05
3.
00
0.36
3.01
1.
29
1.77
3.55
22.25
49.
69
17.
99
33.33
26.19
51.
49
44
.6
2
39.81
263
.12
92
51.21
0.59
0.
38
4.
65
2.05
20.99
33.
69
29.
20
52.
78
46.
39
43.
36
285
.57
100
35
.7
1.6
1.
0
0.7
1.
0
3.
2
14
.0
2.3
7.3
10
.8
32.5
119
.2
42
15.51
-1.01
-0.
62
-0.
42
3.65
-1.15
6.
99
24.59
26.90
45.
48
35.
59
10.
86
166
.37
5
8
0
4.2
192
2.3
0
6.4
0
24.0
192
75.
8
67
26
36.
01
—0.
61
-0.32
—0
.2
2
3.95
—0.
15
11.19
29.49
-l
65
.1
0
46.
38
37.
79
19.
36
17.9
9
7
24
.4
3.
8
2.9
2.0
7.7
12
.1
30
.6
87.1
31
26.81
—0.61
—0.
32
-0.12
4.
15
1.25
17.
19
30.
79
—ll
7.8
0
45.08
34.29
-1
18
.2
4
-77.5
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 Phosphorus concentrations remained at background (non—irrigation) levels.
At these concentrations the discharge would be directly proportional to
groundwater recharge volumes. Harvest of vegetation could be expected to
extend the time before phosphorus discharges increase, however this period
of study was too short to evaluate this effect.
When managed with 5 to 10 cm/wk with wastewater and harvested at least
annually, old fields provided effective treatment of the wastewater and
minimized discharges of N and P.
Runoff of N, P, and several other constituents of wastewater has been cal—
culated on both a seasonal and annual basis using the Beale ratio estima—
tor technique (Tables 3-7). No stratification beyond season was used.
These data will be recalculated using event versus non—event strata and
within event stratification for the final report. Present data (Tables
3—7) will probably not change drastically, although error limits will be
reduced. Thus, data in these tables can be used as first approximations
of loadings from wastewater irrigated old fields. Very little runoff
occurred from unirrigated adjacent old field sites during post—spring
runoff and summer seasons (the irrigation period). Thus, loadings from
these seasons can be contributed almost completely to losses from the
3.6 ha wastewater irrigation site (average irrigation rate was 7.5 cm/
week). On this basis, stream loadings of total P from this spray site
was about 1.1 kg/ha/yr; loadings froman adjacent spray site used for
year—round irrigation at 5 cm/wek was 2 kg/ha/yr. Loadings of total P
from wastewater irrigated old fields would appear to be on the order of
1—2 kg/ha/yr from sandy loam soils in Michigan. Loadings of inorganic N
were about 4 kg/ha/yr and organic N were about 2.5 kg/ha/yr for a total
N loading of 6.5 kg/ha/yr.
lO.2.2/ll.2.2 CROPLAND STUDIES
Nitrogen concentrations in soil waters of both the root zone and the sub—
soil varied widely during the growing season. Type of crop and its
management affected this variation. The tall growing cool season grasses
commonly used in pastures and grass hay of the Great Lakes Region effec—
tively maintained N concentrations well below the 10 ppm limit for NO —N
in drinking water. Discharges of N in the groundwater recharge during
the May through April irrigation season averaged 9 to 15 kg N/ha even at
the 7.5 cm/wk irrigation rate (Table 8). The harvest schedule had little
effect on the concentration of mineral N in the recharge. The bi-weekly
mowing and the no-cutting management were about as effective as the three
harvest management when irrigated at the 7.5 cm/wk rate. Legumes were
somewhat less effective than grasses in preventing discharge of N. From
18 kg N/ha at the 2.5 cm/wk rate to 85 kg N/ha at the 7.5 cm/wk rate
leached from the site. Peak discharges occurred briefly following each
harvest of the legumes. Summer annuals contributed the greatest N losses,
averaging 34 to 150 kg N/ha during the irrigation season. At the 5.0 and
7.5 cm/wk rates most of the discharge appeared during the first 7 weeks
after planting. This suggested that an alternative management, splitting
the
year
ly r
ate
— 2.
5 cm
/wk
for
the
firs
t 6-
8 we
eks
and
7.5
cm/w
k fo
r th
e
next 8 weeks, would minimize N losses.
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Spring R
unoff, 7
7
(48
days)
Spri
ng P
ost
Runo
ff,
77 (5
0 day
s)
Summe
r, 77
(
1
3
7
d
a
y
s
)
0.4
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TABL
E Ll:
DATA
SUMMA
RY FO
R STR
EAM E
XPORT
0F NI
TRATE
AND A
MMONI
A NIT
ROGEN
FOR T
HE OL
D FIE
LD SP
RAY S
ITE.
Weighted
Mean
(mg/1)
NITRATE-
NITROGEN
Total
Load (
kg/
yr or
season
)
Unlt Area Load
(kg/h
a/yr
or
season)*
1 of
Annua
l
Load**
AMMO
NIA-
NITR
OGEN
Unit A
rea Lo
ad
(kg/ha/yr or
season)*
Z of
Annua
l
Load**
Weighted
Mean (mg/1)
Total Load (kg/
yr orseason)
Summer, 76
(137
days)
1976
—77
WATE
R YE
AR
Fall,
76 (
62 d
ays)
Win
ter
, 7
6—77
(68 d
ays)
Spring R
unoff, 7
7
(4
8
da
ys
)
Spring Post Runoff,
77 (50 days)
Summer, 77
(137 days)
2.030
3.1
14
N.
D.
1.4
29
1.703
3.884
6.192
+ 1.01
1
14.
742
+ 5.
580
2.417 t .177
1.000 - .313
+
7.813 t 4.224
0.214
0.088
0.690
16.
42
6.75
52.95
0.157
0.480 1
.209
0.042
-——
0.183
0.866 1
.617
0.077
* *
N.D.
N.D.
N.D.
N.D.
0.070 0.118 t .029 0.010
12.99
0.428 0.251 t .137 0.022 28.57
0.187
0.376
(
'
1
M
OOm\
‘
l
‘
\
?
+
1
42.86
N.F. = No flow during this period.
N.D. = No data collected.
* = Total area drained = 11.32 ha; Area irrigated = 3.6 ha; Unit area load calculated using total a(¢a drained; most
irrigation occurred during springpost runoff and summer periods.
*k - Percent of annual load calculated by dividing by separately run water year data.
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/
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———
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ad c
alcu
late
d by
divi
ding
by s
epar
atel
y ru
n wa
ter
year
data.
1
3
TABLE é}: DATA SUMMARY FOR STREAM EXPORT OF CHLORIDE AND SUSPENDED SOLIDS FOR THE OLD FIELD SPRAY SITE.
 
CHLORIDE
SUSPENDED SOLIDS
Unit Area Load
(kg/ha/yr or
season)*
Unit Area Load
(kg/ha/yr or
season)*
Z of Annual
Load**
Weighted
Mean
(mg/1)
Total Load (kg/
yr or season)
Weighted
Mean
(mg/l)
Total Load (kg/
yr or season)
% of Annual
Load**
[25.778 383.68
L
n
H:
\
+
I
Summer, 76
33.906
(137 days)
14.438
44.04 1 11.58
1.276
-——
1976—77 WATER YEAR
116.22 1 140.51
Fall. 76 (62 days)
Winter, 76-77
(68 days)
24.074
40.72
Spring Runoff, 77
4.92
3.598
9.63
(48 days)
41.525 1 18.48
Spring Post Runoff, 104.450
77 (50 days)
61.34 I 12.99
5.421
14.51
N.D.
N.D.
Sunwer, 77
109.690
(I37
days)
220.62 1
34.55
19.496
52.17
Nu flow during this period.
No data collected.
* a Total area drained = 11.32 ha; Area irrigated -
irrigation occurred during spring post runoff
3.6 ha; Unit area load calculated using total drained; Most
and summer periods.
k
t
Percent
of annual
load
calculaied
by
dividing
by separately
run
water
Yéar Ania,
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/
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.50
11.1
5
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N.D.
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N.D.
= No
data
coll
ecte
d.
* =
Tota
l a
rea
drai
ned
= 11
.32
ha;
Area
irri
gate
d =
3.6
ha;
Unit
area
load
calc
ulat
ed u
sing
tota
l ar
ea
drai
ned;
Most
irrig
ation
occur
red d
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Table
8: Mass Additions and Discharges of Inorganic N to the Cropland Sites During the Growing Season. Values in kg N/ha.
Irrigation
R
a
t
e
(cm/wk)
Crop
Type
1976
1977
 
Inputs
Inputs
Total
 
Wastewater
Precipitation Recharge
Wastewater Precipitation
Recharge Inputs
Recharge
2
.
5
2
.
5
2.5
5.
0
5.0
5.
0
7.5
7.5
7.5
Annuals
Legumes
Grasses
Annuals
Legumes
Grasses
Annuals
Legumes
Grasses
116
116
116
184
184
184
271
271
271
1
0
10
1
0
10
10
10
10
1
0
1
0
48
24
1
3
89
4
5
14
148
98
2
5
90
90
90
186
186
186
2
7
5
275
275
l
l
11
11
1
1
11
ll
11
ll
11
19
l
l
5
90
43
160
68
2
2
7
227
227
391
391
391
567
567
567
67
35
18
179
8
8
22
308
166
3
0
 
 Cr
op
la
nd
s
we
re
ge
ne
ra
ll
y
ef
fe
ct
iv
e
in
tr
ea
ti
ng
th
e
wa
st
ew
at
er
.
Re
la
te
d
st
ud
ie
s
wi
ll
sh
ow
th
at
th
e
tr
ea
tm
en
t
re
su
lt
ed
in
lo
we
re
d
yi
el
ds
of
al
l
cr
op
s
ex
am
in
ed
co
mp
ar
ed
to
wh
at
co
ul
d
be
ob
ta
in
ed
by
op
ti
ma
l
cr
op
ma
na
ge
—
me
nt
.
Re
co
gn
it
io
n
sh
ou
ld
be
ma
de
th
at
th
e
du
al
ro
le
of
cr
op
pr
od
uc
ti
on
and
wa
st
ew
at
er
tr
ea
tm
en
t
re
su
lt
s
in
a
co
mp
ro
mi
se
in
bo
th
tr
ea
tm
en
t
an
d
pr
od
uc
ti
on
.
Wi
th
pr
op
er
cr
op
se
le
ct
io
n
an
d
ma
na
ge
me
nt
,
the
co
mp
ro
mi
se
is minimized.
lO.2.3/ll.2.3 FOREST STUDIES
Wa
st
ew
at
er
ir
ri
ga
ti
on
of
two
be
ec
h—
su
ga
r
ma
pl
e
si
te
s
at
ra
te
s
of
5
an
d
10
cm
/w
ee
k
de
mo
ns
tr
at
e
th
at
fo
re
st
s
ar
e
no
t
id
ea
l
si
te
s
fo
r
sp
ra
y
ir
ri
—
ga
ti
on
of
wa
st
ew
at
er
.
On
the
5
cm
/w
ee
k
si
te
,
co
nc
en
tr
at
io
ns
of
in
or
ga
ni
c
N
at
the
150
cm
de
pt
h
we
re
ve
ry
cl
os
e
to
co
nc
en
tr
at
io
ns
in
ap
pl
ie
d
wa
st
e—
wa
te
r.
On
a
ma
ss
ba
la
nc
e
ba
si
s
(T
ab
le
9),
re
te
nt
io
n
of
in
or
ga
ni
c
N
by
thi
s
fo
re
st
wa
s
be
tw
ee
n
15
and
47%
de
pe
nd
in
g
on
wh
et
he
r
thi
s
si
te
is
a
co
nt
ri
bu
ti
ng
ar
ea
to
ru
no
ff
or
not
.
In
ei
th
er
cas
e,
re
te
nt
io
n
(w
as
te
wa
te
r
re
no
va
ti
on
)
wa
s
no
t
ad
eq
ua
te
an
d
thi
s
typ
e
of
ma
na
ge
me
nt
sh
ou
ld
no
t
be
ad
op
te
d
be
ca
us
e
of
po
te
nt
ia
l
gr
ou
nd
wa
te
r
NO
—N
co
nt
am
in
at
io
n
pr
ob
le
ms
.
Pho
sph
oru
s
ret
ent
ion
by
thi
s
sit
e w
as
exc
ell
ent
(Ta
ble
10)
.
Thu
s,
low
N
wa
st
ew
at
er
fr
om
la
go
on
s
co
ul
d
be
ap
pl
ie
d
to
su
ch
fo
re
st
s
wi
th
no
pr
ob
le
m.
The
10
cm/
wee
k
for
est
ed
spr
ay
irr
iga
tio
n w
as
del
ibe
rat
ely
ove
rlo
ade
d w
ith
was
tew
ate
r.
The
wat
er
log
gin
g
of
thi
s
sit
e
app
are
ntl
y
res
ult
ed
in
sub
sta
n—
ti
al
in
cr
ea
se
s
in
de
ni
tr
if
ic
at
io
n;
th
er
ef
or
e,
thi
s
si
te
wa
s
ab
ou
t
78%
ef
fi
ci
en
t
at
in
or
ga
ni
c
N
re
mo
va
l
(T
ab
le
ll)
.
Ho
we
ve
r,
thi
s
N
re
mo
va
l
ef
fi
ci
en
cy
wa
s
ac
co
mp
li
sh
ed
at
the
ex
pe
ns
e
of
in
cr
ea
se
d
ru
no
ff
fr
om
thi
s
sit
e.
Th
is
in
cr
ea
se
d
ru
no
ff
re
su
lt
ed
in
hi
gh
in
or
ga
ni
c
N
st
re
am
lo
ad
in
gs
of
32
—47
kg
/h
a/
yr
(T
ab
le
11)
and
in
hi
gh
to
ta
l
P
lo
ad
in
gs
of
14
.5
to
22
kg
/h
a/
yr
(T
ab
le
12)
.
Ov
er
al
l
lo
ad
in
g
fr
om
thi
s
2.4
ha
fo
re
st
ed
si
te
pl
us
16
ha
of
mi
xe
d
fo
re
st
and
ol
d
fi
el
ds
ar
e
pr
es
en
te
d
in
Ta
bl
es
13—
17.
Alm
ost
all
of
thi
s
loa
din
g w
as
der
ive
d
fro
m
the
spr
ay
sit
e
acc
ord
ing
to
Tho
rnt
hwa
ite
typ
e w
ate
r
bud
get
cal
cul
ati
ons
for
the
are
a.
10.2.4/11.2.4 FELTON DRAIN STUDIES
Inp
uts
to
Fel
ton
Dra
in
ups
tre
am
of
the
was
tew
ate
r
irr
iga
tio
n
sit
e
and
v
ou
tp
ut
s
do
wn
st
re
am
of
the
si
te
we
re
mo
ni
to
re
d
to
as
ce
rt
ai
n
the
ov
er
al
l
eff
ect
of
thi
s
spr
ay
irr
iga
tio
n
pro
jec
t
on
str
eam
loa
din
g.
The
se
dat
a
(Ta
ble
s
18-
27)
are
not
ver
y
con
clu
siv
e
for
thr
ee
rea
son
s.
Fir
st,
inp
ut
‘
loa
din
gs
are
hig
h
and
ver
y
var
iab
le
bec
aus
e
of
a p
oul
try
pro
duc
tio
n/
res
ear
ch
fac
ili
ty
jus
t
ups
tre
am
of
the
sit
e.
Man
ure
fro
m
thi
s o
per
ati
on
is
app
lie
d
to
the
gra
ssy
are
a
aro
und
the
bar
ns
res
ult
ing
in
hig
h
inp
uts
to
Fel
ton
Dra
in.
Sec
ond
ly,
the
tot
al
are
a p
res
ent
ly
bei
ng
irr
iga
ted
is
onl
y
a s
mal
l
fra
cti
on
of
the
spr
ay
irr
iga
tio
n
are
a
dra
ine
d b
y
the
out
put
st
at
io
n
(le
ss
th
an
15%
of
the
to
ta
l
ar
ea
).
Th
ir
d,
the
ou
tp
ut
of
the
la
ke
sys
tem
of
the
WQM
P w
as
div
ert
ed
dow
n
Fel
ton
Dra
in
in
Aug
ust
,
197
6.
Thi
s
lak
e
out
put
com
ple
tel
y m
ask
ed
oth
er
inp
uts
to
the
Dra
in.
Thu
s,
the
197
5-
76
dat
a
sho
uld
be
use
d
for
ove
ral
l
loa
din
gs
and
dis
cre
et
lan
d u
se
stu
die
s
alr
ead
y
des
cri
bed
abo
ve
sho
uld
be
emp
has
ize
d
for
bes
t
est
ima
tes
of
loa
d—
ings from spray irrigation.
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_
_
—
“
L
1
7
Table q:
Mass Balance for Inorga
nic Nitrogen (N03 + NO
2
+ NHA-N) for the
5 cm/week Forest Irrigation Site. Values in kg/ha.
 
Month Precipitation*
Wastewater
Irrigation
Total
Input
Kunoff** Recharge** Retention**
Recharge***
Only (No
Runo
ff)
Retention***
October 76
November 76
Decenber 76
January 77
February 77
March 77
April 77
May 77
June 77
July
77
August 77
Septeﬂ>er 77
ANN
UAL
Percent
of Input
1.
52
0.59
0.38
0.28
4.65
2.05
3.00
0.36
3.01
1.29
1.
77
3.35
22.25
11.73
26.80
0
0
3
0
11
.2
8
18.79
21.70
33.20
30.47
25.19
167.43
88.
27
28.32
0.59
0.38
0.28
4.65
2.05
14.28
19.15
24.71
34.49
32.24
28.54
189.68
100
.00
2.98
0.78
0.002
0.35
2.11
1.50
1.91
1.43
1.48
3.26
15.80
16.
49
1.55
1.
12
1.75
0.44
9.57
5.39
11.48
8.21
13.58
15.
06
84.64
44.
62
8.85
—0.19
—1.17
—0.84
2.90
1.26
2.60
12.26
11.
32
24.85
17.18
10.
22
89.24
47.05
29.94
2.45
1.55
1.
12
1.85
5.
22
19.
58
10.93
18.40
15.
12
21.49
34.19
161
.84
85.32
—1.
62
—1.86
-1.
17
—0.84
2.80
‘3.
17
-5.
30
8.
22
6.31
19.
37
10.75
-5.65
27.84
14.68
H
-
)
<
Based on mean literature values for Michigan.
** = Runoff fromspray site apportioned on basis of water available for recharge or
runoff on basis of water budget calculations.
*** = All runoff from spray site assigned to 10 cm/wk area.
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Table 10: Mass Balance Budget for Total Phosphorus for the 5 cm/week Forest Irrigation Site. Values in kg/ha.
Month Precipitation*
Wastewater
Irrigation
Total
Input Runoff** Recharge** Retention**
Recharge***
Only (No
Runoff)
Retention***
Octob
er 76
November 76
Decem
ber 7
6
January 77
February 77
March 77
April 77
May 77
June 77
July 77
August 77
September 77
ANNUAL
Percent
of Input
0.014
0.006
0.004
0.003
0.004
0.019
0.028
0.0
03
0.028
0.012
0.016
0.031
0.168
0.38
6.308
0
0
3.821
5.9
19
5.924
9.1
46
6.6
52
5.
98
4
43.754
99.
62
6.322
0.006
0.004
0.003
0.004
0.019
3.849
5.9
22
5.952
9.158
6.6
68
6.015
43.922
10
0
1.311
0.345
0
0
0.001
0.114
0.803
0.596
0.780
0.757
0.779
1.719
7.205
16.40
0.083
0
0.0
03
0.003
0.0
08
0.0
02
0.037
0.033
0.157
0.088
0.1
40
0.242
0.796
1.81
4.929
-0.339
0.001
0
“0.005
-0.097
4.689
5.293
5.015
8.313
5.749
4.054
35.
922
81.79
0.151
0.009
0.003
0.003
0.0
08
0.018
0.076
0.066
0.2
52
0.1
62
0.2
22
0.549
1.5
19
3.46
6.171
—0.003
0.001
O
—0.004
0.001
3.773
5.856
5.7
00
8.996
6.
44
6
5.466
42.403
96.54
I
I
I
X
**
*id:
Based on Literature Value of 0.027 mg P/l for Michigan.
All runoff from spray site assigned to 10 cm/week area.
Runoff from spray site apportioned on basis of water available for recharge or runoff on basis of water budget calculations.
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Table], : Mass Balance for Inorganic Nitrogen (N03 + N02 + NBA—N)
for
the
10 cm/week Forest Irrigation Site. Values
in Kg/ha.
Total
Month
Precipitation*
Spray
Input
Runoff**
Recharge**
Retentiun**
Runoff***
Recharge*** Retention***
October
76
Novenber 76
1.52
47.43
0.59
0
0.38
0.28
4.65
2.05
3.00
0.36
3.01
1
.
2
9
1.77
3.35
48.95
5.61
7.40
0.59
0.78
0
0.38
0
0.42
0.28
0
0.26
4.65
0.002
0.35
2.05
0.35
0.17
23.48
3.54
5.79
35.32
4.11
6.73
45.70
3.87
8.25
57.49
3.79
3.51
55.50
3.37
3.31
50.23
6.13
2.15
35.94
8.62
—0.19
1.56
—0.04
0
0.02
0
4.30
0.004
1.53
0.70
14.15
5.65
24.48
5.61
33.58
5.78
50.19
5.22
48.82
4.85
41.95
9.39
December 76
January
77
February
77
March 77
April 77
May 77
June 77
July 77
0
0
0
0
2
0
.
4
8
34.96
42.n9
56.20
53.73
46.88
August 77
September 77
ANNUAL
22.25
302.37
324.62
31.55
38.34
254.73
47,38
Percent
of
Input
93.15
100.00
9.72
11.81
78.47
14.60
4.19
0
0.42
0.26
0
.
3
5
2
.
1
9
4.
12
5.
80
2.39
2.47
0.70
22.89
7.05
36.14
—0.97
—0.04
0.02
4.30
1.35
15.64
25.59
34.12
49.88
48.18
40.14
254.35
78.35
* = Based on mean literature values for Michigan.
**
= Runoff
from
spray
site
apportioned on basis
of water
available
for
recharge
or
runoff
from
water
budget
calculations.
**k
1
1
A11
runoff
from spray
site
assigned
to 10
cm/week
area.
 2
0
Tab
1e1
33
Mas
s B
ala
nce
for
Tot
al
Pho
sph
oru
s f
or
the
10
cm/
wee
k F
ore
st
Irr
iga
tio
n S
ite.
Valu
es i
n kg
/ha.
Month
Pre
cip
ita
t10
n*
Wastewater
Irr
iga
tio
n
Total
Inputs
Runoff**
Rech
arge
**
Ret
ent
10n
**
Runo
ff**
*
Recha
rge**
* Rete
ntion
**
Octo
ber
76
Nov
eub
er
76
Dec
emb
er
76
January 77
Feb
rua
ry
77
March 77
Ap
ri
l
I7
May
77
June 77
Jul
y 7
7
August 77
Septe
mber
77
ANNUAL
Percent
of I
npuL
0.014
0.0
06
0.004
0.003
0.0
04
0.0
19
0.0
28
0.
00
3
0.0
28
0.0
12
0.
01
6
0.031
0.1
68
0.
19
11.
717
0
0
7
.6
01
0
11
.8
83
11.
904
18.
263
13
.3
05
11.
928
86
.6
04
99.
81
11.731
0.006
0.0
04
0.0
03
0.0
04
0.019
7.6
32
11
.8
86
11
.9
32
18.275
13.
321
11.
959
86.772
10
0
2.4
76
0.345
0
0
0.001
0.114
1.3
51
1.6
30
1.5
79
1.9
97
1.7
76
3.2
31
14.
500
16.71
0.060
0
0.008
0.0
05
0.0
07
0.0
02
0.0
70
0.1
24
0.2
40
0.2
14
0.1
64
0.1
59
1.053
1
.
2
1
9.1
95
—0.339
—0.
004
—0.
002
-0.
004
—0.097
6.211
10
.1
32
10.
113
16.
064
11.
381
8.5
69
71.
219
82.08
3.787
0.690
0.001
0.2
28
2.154
2.2
26
2.359
2.754
2.5
55
4.
95
0
21.
704
25.
01
0
.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0
.
034
0
008
005
007
025
076
16
9
14
6
12
2
051
643
I
n
\
‘
1
’
7.
91
0
—0.684
—0.004
-0.002
—0.004
-0.209
5.453
9.
58
4
9.404
15.
375
10.
644
6.9
58
64.425
74.
25
1
|
'
1
‘
**
= R
unof
f f
rom
Spr
ay
sit
e a
ppo
rti
one
d o
n b
asi
s o
f w
ate
r a
vai
lab
le
for
rec
har
ge
or
run
off
kid:
Base
d o
n t
her
utu
rc
Val
ue
of
0.0
27
mg
P/l
for
Mic
hig
an.
All
runo
ff
from
spr
ay
slte
ass
ign
ed
to
10 c
m/w
eek
area
.
on
bas
is
of
wat
er
bud
get
cal
cu1
Ati
ons
.
 
TABLE
jj:
DATA
SUMMA
RY FO
R STR
EAM E
XPORT
0F MO
LYBDA
TL RE
ACTIV
E PHO
SPHOR
US AN
D TOT
AL PH
OSPHO
RUS F
OR TH
E FOR
ESTED
SPRAY
SITE.
  
WlLYBD
ATE RE
ACTIVE
PHOSPH
ROUS
TOTAL
PHOSPH
ORUS
Unit Are
a Load
Unit Are
a Load
Weight
ed
Total
Load (
kg/
(kg/ha
/yr or
Z of A
nnual
Weight
ed
Total
Load (
kg/
(kg/ha
/yr or
Z of A
nnual
Mean (
mg/l)
yr or
season)
season
)*
Load**
Mean (
mg/l)
yr or
season)
season
)*
Load**
1970—77
HATER
YEAR
0,306
23_745
5 4_555
1.294
* *
0.897
26.449
i 4.435
1.442
* *
Fall,
70 (
62 d
ays)
1.231
1.494
1 1.
034
0.08
1
—-_
1.475
1.790
t 1.
673
0.09
8
6.85
Wint
er,
76-77
N-F.
N.F.
N.F.
———
N.F.
N.F.
N.F.
0
(77
days
)
Spring
Runoff,
77
0.148
0.619
1 .091
0.034
-——
0.195
0.814
t .11
8
0.044
3.11
(41
days
)
Sprin
g Pos
t Run
off,
0.423
2.731
t .0
33
0.149
——-
0.846
5-462
- -8
34
0.298
20.89
77 (48 days)
+
N
H
Sumne
r, 7
7
N.D.
N.D.
N.D.
N.D.
1-041
18.07
5 1
2~494
0-98
5
69.1
4
(137 days)
N.F.
= No
flow
durin
g thi
s per
iod.
N.D. =
No dat
a coll
ected.
* = Tota
l area d
rained =
18.35 ha;
Area irr
igated =
2.4 ha;
Unit are
a load c
alculate
d using
total ar
ea drain
ed; Most
irrigati
on occur
red in s
pring po
st runof
f and su
mmer per
iods.
** = Per
cent of
annual l
oad calc
ulated b
y adding
seasonal
values a
nd divid
ing, not
by separ
ately ca
lculated
water
year
data.
  
  
TABLE “f: DATA SUMMARY FOR STREAM EXPORT OF NITRATE AND AMMONIA—NITROGEN FOR THE FORESTED SPRAY SITE,
NITRATE-NITROGEN
AMMONIA—NITROGEN
Unit Area Load
Unit Area Load
Weighted Total Load (kg/ (kg/ha/yr or Z of Annual Weighted Total Load (kg/ (kg/ha/yr or Z of Annual
Mean (mg/1) yr or season) season)* Load** Mean (mg/1) yr or season) season)* Load**
1976—77 WATER YEAR 1.902 56.067 i 7.770 3.056 * * 0.148 4.360 t .897 0.238 * *
Fall, 76 (62 days) 3.185 3.865 1 4.873 0.211 8.35 0.067 0.081 t .187 0.004 1.31
Winter, 76-77 N.F. N.F. N.F. () N.F. N.F. N.F. U
(77 days)
Spring Runoff, 77 0.479 1.999 1 .797 0.109
4.31 0.044 0.182 1 .025 0.010
3.28
(41
days)
Spring Post Runoff, 1.584 10.231 1 1.327 0.558
22.08 0.446 2.884 1 .497 0.157
51.48
no
77 (
48 d
ays)
ha
Summer, 77
1.742 30.256 1 3.024 1.649
65.26 0.141 2.457 1 .387 0.134
43.93
(137 days)
N.F. = N0 flow during this period.
*
1
1
Total area drained = 18.35 ha; Area irrigated = 2.4 ha; Unit area load calculated using total area drained; Most
irrigation occured in spring post runoff and summer periods.
** - Percent of annual load calculated by adding seasonal values and dividing, not by separately calculated water
year data.
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3
TA
BL
E
[5
:
DA
TA
Su
MM
MF
OR
ST
RE
AM
EX
PO
RT
0F
NI
TR
IT
E
AN
D
KJE
LDA
llL
—NI
'I‘
ROG
EN
FOR
THE.
FOR
EST
ED
SPR
AY
SIT
E.
 
NIT
RIT
E—N
ITR
OGE
N
Weighted
Me
an
(m
g/
1)
Tot
al
Loa
d
(kg
/
yr
or
sea
son
)
Un
it
Ar
ea
Lo
ad
(kg
/ha
/yr
or
seas
on)*
2 o
f
Ann
ual
Loa
d**
Weig
hted
Mea
n
(mg
/1)
KJ
EL
DA
HL
—N
IT
RO
GE
N
Tot
al
Loa
d
(kg
/
yr
or s
ea
so
n)
Uni
t
Ar
ea
Loa
d
(k
g/
ha
/y
r
0r
se
as
on
)*
X
of
An
nu
al
Loa
d**
197
6-7
7 W
ATE
R Y
EAR
0.0
88
2.5
95
t .
345
Fal
l,
76
(62
day
s)
0.1
01
0.1
23
t
.17
0
Wi
nt
er
,
76—
77
N.F
.
N.F
.
(77
da
ys
)
Sp
ri
ng
Ru
no
ff
,
77
0.
04
3
0.
18
1
t
.0
31
(41
da
ys
)
Sp
ri
ng
Pos
t
Run
off
,
0.
10
3
0.
66
5
t
.1
06
77
(48
day
s)
Su
mm
er
,
77
0.
09
2
1.
60
0
t
.2
01
(1
17
da
ys
)
0.1
41
0.0
07
0.036
0.087
7.
05
25.
89
62.
28
1.
50
0
0.801
3.2
21
2.752
44
.2
0
1
+
1
1.
16
N
.
F
.
3
.
3
4
3
1
20
.8
1
I
47
.7
9
1
10
.8
0
.40
2.4
09
0.063
NJ
".
0.
18
2
1.134
2.605
N
.
F
.
*
116*
No
flo
w
du
ri
ng
thi
s
per
iod
.
TO
La
l
ar
ea
dr
ai
ne
d
=
18.
35
ha;
Ar
ea
ir
ri
ga
te
d
2.4
ha;
Uni
t a
rea
loa
d c
alc
ula
ted
usi
ng
tot
al
are
a d
rai
ned
; M
ost
irr
iga
tio
n o
ccu
rre
d
in
spr
ing
pos
t
run
off
and
sum
mer
per
iod
s.
Per
cen
t o
f
ann
ual
loa
d c
alc
ula
ted
by
add
ing
sea
son
al
val
ues
and
div
idi
ng,
not
by
sep
ara
tel
y c
alc
ula
ted
wat
er
ye
ar
da
ta
.
 
 TABLE/
6: DA
TA SUM
MARY F
OR STR
EAM EX
PORT 0
F CHLO
RIDE A
ND SUS
PENDED
SOLIDS
FOR TH
E FORE
STED S
PRAY S
ITE.
CHLORIDE
SUSPENDE
D SOLIDS
Unit Are
a Load
Unit Are
a Load
Weighted
Total Lo
ad (kg/
(kg/ha/y
r or
Z of Ann
ual We
ighted
Total Lo
ad (kg/
(kg/ha/y
r or
Z of Ann
ual
Mean (
mg/l)
yr or
season)
season
)*
Load**
Mean (
mg/1)
yr or
season)
season
)*
Load**
 
1976—77
WATER
YEAR
98.885
2914.4
t 117.
3
158.84
9
* *
14.201
418.5
1 127.
8
22.810
* *
F311, 76
(62 days)
109.577
133.0 1
18.0
7.249
4.49
13.629
16.54 :
24.00
0.902
—-
Winter,
76-77
N.F.
N.F.
N.F.
0
N.F.
N.F.
N.F.
-’-
(77
days
)
Spring R
unoff, 7
7 5
1.328
214.2 I
14.2
11.675
7.24
67.425
281.4 t
26.9
15.338
-——
(41 days)
Spring P
ost—Runo
ff, 9
9.701
9114.0 1
27.8
35.101
21.76
N.D.
N.D.
N.D.
N.D.
77 (48 days)
2
4
Summer,
77
113.392
1969.0 1
42.7
107.320
66.52
N.D.
N.D.
N.D.
N.D.
(137 days)
N.F. = N
0 flow d
uring th
is perio
d.
‘
1
2
'
Z
No data collected.
* = Tota
l area d
rained =
18.35 ha
; Area i
rrigated
= 2.4 ha
; Unit a
rea load
calculat
ed using
total ar
ea drain
ed; Most
irrigation o
ccurred in s
pring post r
unoff and su
mner periods
.
** = Percent
of annual lo
ad calculate
d by adding
seasunal val
ues and divi
ding, not by
separately c
alculated wa
ter
year data.
 
TAB
LEI
1:
DAT
A S
UMM
ARY
FOR
STR
EAM
EXP
ORT
0F
SOD
IUM
AND
CAL
CIU
M F
OR
THE
FOR
EST
ED
SPR
AY
SIT
E.
 
SOD
IUM
CAL
CIU
M
Uni
L A
rea
Loa
d
Uni
t A
rea
Loa
d
Wei
ght
ed
Tot
al
Loa
d (
kg/
(kg
/ha
/yr
or
Z o
f A
nnu
al
Wei
ght
ed
Tot
al
Loa
d (
kg/
(kg
/ha
/yr
or
Z o
f A
nnu
al
Mea
n (
mg/l
)
yr
or
seas
on)
sea
son
)*
Loa
d**
Mea
n (
mg/1
)
yr
or
seas
on)
sea
son
)*
Loa
d**
197
6—77
WAT
ER
YEA
R
52.
586
1549
.8
t 29
6.2
84.
472
* *
63.
904
1883
.4
+ 16
7.5
102
.65
4
* *
Fal
l,
76
(62
day
s)
72.
042
87.
43
L
27.
95
4.7
65
-
5.6
4
66.
409
80.
60
+
27.
80
4.3
93
4.2
8
Win
ter
,
76"
77
N.F
.
N.F
.
N.F
.
0
N.F
.
N.F
.
N.F
.
0
(77 days)
Spr
ing
Runo
ff,
77
22.8
49
95.
36
‘
11.6
6
5.20
6.1
6
60.
242
251.
41
1
34.6
4
13.7
03
13.3
5
(41
da
ys
)
Spr
ing
Pos
t R
uno
ff,
N.D
.
N.D
.
N.D
.
N.D
.
N.D
.
N.D
.
N.D
.
N.D
.
77 (48 days)
2
5
Sunw
er,
77
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
(137
days)
N.F
.
= N
o f
low
dur
ing
thi
s p
eri
od.
N.D
.
= N
o d
ata
col
lec
ted
.
* =
Tot
al
area
dra
ine
d =
18.3
5 h
a;
Are
a i
rri
gat
ed
= 2
.4
ha;
Unit
area
load
cal
cul
ate
d u
sin
g t
otal
are
a d
rai
ned
; M
ost
irr
iga
tio
n o
ccu
rre
d i
n s
pri
ng
pos
t r
uno
ff
and
sum
mer
per
iod
s.
**
= P
erc
ent
of
ann
ual
loa
d c
alc
ula
ted
by
div
idi
ng
by
sep
ara
tel
y c
alc
ula
ted
wat
er
yea
r d
ata
.
 TABLE \%1 DATA SIREMRY FOR STREAM EXPORT OF TOTAL PHOSPHORUS FOR THE FELTON DRAIN STATIONS.
INPUT STATION (02)
OUTPUT STATION (10)
Unit Area Load
Added Unit Area
Weighted Total Load (kg/ha/yr or Z of Annual Weighted Total L064 Load (kg/ha/yr Z of Annual
Mean (mg/l) (kg/yr or season) season) Load*** Mean (mg/l) (kg/yr or season) or season)** Load***
1975—76 WATER YEAR* 0.084 5.992 1 .703 0.111 *** 0.064 13.521 1 1.566 0.089 ***
Fall, 75 (62 days) 0.076 0.564 1 .149 0.010 ]l.30 0.059 0.429 1 .259 —0.002 -——
Winter, 75—76 N.F. N.F. N.F. N.F. 0.040 0.775 1 .199 0.009 ——-
(59 days)
Spring Runoff, 76 0.100 3.616
(62 days)
Spring Post—Runoff, 0.047 0.587 _ .067 0.011
11.76 0.080 4.588 1 .406 0.047
——-
76 (46 days)
1»
. +
Summer, 76
0.111 0.223 - .054 0.004
4.47 0.157 15.634
(137
days)
.278 0.067 72.46 0.053 5.513 + .432 0.022 —-—
*
l
.
1
.
1
.
I
l
I
l1l
r
\
.
4
m
+
1
1976—77 HATER YEAR 0.374 5.350 + 5.132 0.100
--
1.271+ 516.51 : 193.44+ ——-
—-
Fall, 76 (62 days) N.F.
N.F.
N.F.
N.F.
N.D.
N.D.
N.D.
N.D.
Winter, 76—77 11.1.
11.1.
11.1.
11.1‘. 0.254+ 22.72 1 1.904r ———
-——
(68 days)
Spring Runoff, 77 0.374
4.559 . .745
0.085
———
1.1194+ 151.71 2 4.42
—-—
——-
(53 days)
Spring Post—Runoff, 11.1).
11.1).
11.1).
11.1). 11.1).
11.1).
11.1).
11.1).
77 (46 days)
Summer, 77
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
(137
days)
N
0“
 
. : No flow during this period.
No data collected.
Includes lake discharge also.
1975—76 water year calculated from August 28, 1975 to August 27, 1976 to avoid Including lake discharge.
Added unit area load is load contributed by spray site (output load minus input load).
*** = Percent of annual load calculated by adding seasonal values and dividing, not by separately calculated water year data.
1
n
u
-
+
¥
m
a
z
2
I
I
‘
K
i
t
TAB
LE
\q:
DAT
A S
UMM
ARY
FOR
STR
EAM
EXP
ORT
OF
MOL
YBD
ATE
REA
CTI
VE
PHO
SPH
ORU
S
FOR
THE
FEL
TUN
DRA
IN
STA
TIO
NS.
 
INP
UT
STA
TIO
N (
2)
OUT
PUT
STA
TIO
N (
10)
17
1%
Uni
t A
rea
Loa
d
n t
rea
Loa
d
Wei
ght
ed
Tot
al
Loa
d (
kg/
(kg
/ha
/yr
or
Z o
f A
nnu
al
Wei
ght
ed
Tot
al
Loa
d (
kg/
(kg
/ha
/yr
or
Z o
f A
nnu
al
Mea
n (
mg/l
)
yr
or
sea
son
)
sea
son
)
Loa
d**
*
Mea
n (
mg/l
)
yr
or
sea
son
)
sea
son
)**
Loa
d**
*
197
5-7
6 W
ATE
R Y
EAR
“
0.0
36
2.6
02
1
.310
2
0.0
48
***
0.0
16
3.1
109
1
.50
6
0.0
10
***
Fal
l,
75
(62
day
s)
0.0
63
0.4
68
1
.15
6
0.0
09
23.
42
0.0
49
0.0
61
1
.26
9
—0.
001
—-
wi
nt
er
.
75
—7
6
NJ"
.
N.F
.
N.F
.
N.F
.
0.
01
7
0.3
21.
2
.14
1.
0.
63
7
———
(59
da
ys
)
Spr
ing
Run
off
,
76
0.0
35
1.
25
31
.11
1
0.0
23
62.
71
0.0
08
0.8
17
2
.06
2
—0.
005
~——
(62
days)
Sp
ri
ng
Po
st
Ru
no
ff
,
0.
01
4
0.
17
4
1
.02
3
0.
00
3
8.7
1
0.
02
0
1.1
67
76
(4
6
da
ys
)
4
.14
3
0.0
12
~——
.
+
Sum
mer
.
76
0.0
51
0.1
03
1
.04
1.
0.0
02
5,1
6
00
94
*
9.3
91.
.2 1
.00
6
—__
___
(1
37
da
ys
)
N
197
6—7
7
WAT
ER
YEA
H
0.2
48
3.5
42
1 3
.88
8
0.0
66
--—
0.8
49+
344
.95
1 1
()4
.28
+
-—
___
\I
Fal
l,
76
(62
day
s)
N.F
.
NJ“
.
N.F
.
N_F
'
N.D
_
N.D
.
-———
Win
ter
,
76—
77
N.F
.
N.F
.
N_F
.
N.p
_
0_1
90+
16.
97
4
1_7
1
-_-
___
(68
days)
Spr
ing
Run
off
,
77
0.2
1.8
3.0
18
1
.50
5
0_0
56
___
1,0
94+
151
.71
1
4.6
2
_-_
--_
(53
days)
Spr
ing
Pos
t R
uno
ff,
N~D
-
N-D
-
N.D
.
N.D
.
N.n
.
N.D
.
N.D
.
N.D
.
77 (4
6 day
s)
Sum
mer
,
77
N.D
.
N~D
-
N.D
-
N.D
.
N.D
.
N.D
.
N.D
.
N.D
.
(137
days)
 
N.F.
= No
flow
durin
g thi
s per
iod.
N.D. =
No dat
a coll
ected.
+ - Incl
udes lak
e discha
rge also
.
* - 19
75—76
water
year c
alcula
ted fr
om Aug
ust 28
, 1975
to Aug
ust 27
, 1976
to avoi
d inc
luding
lake d
ischar
ge.
** - A
dded u
nit a
rea loa
d is l
oad co
ntribu
ted by
spray
site (
output
load m
inus i
nput l
oad).
*** a
PerCcn
t of a
nnual
load i
s calc
ulated
by add
ing se
asonal
values
and di
viding
, not
by sep
aratel
y calc
ulated
water
year d
ata.
 
 TABLE 20: D
ATA SUMMARY
FOR STREAM E
XPORT OF NIT
RATE-NITROGE
N FOR THE FE
LTON DRAIN S
TATIONS.
INPUT ST
ATION 2
OUTPUT S
TATION (
1 )
< )
6...?
Unit Are
a Load
Unit Are
a Load
Weighted
Total Load
(kg/ (kg
/ha/yr or
Z of Annual
Weighted
Total Load (
kg/ (kg/
ha/yr or
Z of Annual
Mean (mg/1)
yr or season
) sea
son)
Load***
Mean (mg/1)
yr or season
) sea
son)**.
Load***
1975-76 WATER YEAR*
3.566 255.51 4* 47
.91 4.752
*** 1.812
382.87 t 30.99 1
.510 ***
Fall, 75
(62 days
) 1.
527
11.28 +
2.89
0.210
5.04
1.416
10.35 i
5.65
~0.011
——-
winter, 75-76
N.F. N.F.
N.F. N.F.
0.465 8.91
1.22 0.106
-—-
(59 days)
Spring R
unoff, 7
6 2
.743
99.14 i
11.65
1.844
44.30
2.154
225.90
(62 d
ays)
Spring
Post R
unoff,
7.677
96.35
1 10.6
2
1.792
43.06
1.527
87.38
76 (46 days)
Summer
, 76
8.457
17.01
‘ 2.2
6
0.316
7.60
0.292+
29.08
(1
37
da
ys
)
+
\
m
9.91 1
.503
--
+
.
6.94 —0
.106
———
2
8
5.01+
-——
———
+
|
1976
—77
WATE
R YE
AR
4.68
4
66.9
3 +
56.3
2
1.245
--
3.64
3+
1480.
4 1
1353.
37"
———
-_-
Fall,
76 (
62 d
ays)
N.F.
N.F.
N.F.
N.F.
N.D.
N.D.
———
—-_
Wint
er,
76—7
7
N.F.
N.F.
N.F.
N.F.
0.85
2+
76.2
7 i
9.46
-_-
__-
(68
days
)
+
+
Spri
ng R
unof
f,
77
4.68
4
57.0
3 +
8.18
1.06
1
——_
4.04
6
560.
86 1
‘. 1
6.57
———
—__
(53 days)
Spri
ng P
ast
RUno
ff,
NJ).
N-D.
NJ).
N.D.
N.D.
N-D-
N-D.
N.D.
77 (46 days)
Summer. 77 NJ). NJ). NJ). N.D. N.D. N.D. N.D. NJ).
(1
37
da
ys
)
N.F. = No flow during this period.
N.D. - No data collected.
+ = Includes lake discharge a]so.
* = 1975-76 Hater vest calculated from August 28, 1975 to August 27, 1976 to avoid including lake discharge.
** = Added unit area load 13 load contributed by spray site (output load minus input load).
*** = Percent of annual load is calculated by adding seasonal values and dividing, not by separately calculated water year data.
  
TABLE Z\: D
ATA SlleARY
FOR STREAM E
XPORT OF NlT
Rl'l‘E-NITROC
EN FOR THE F
ELTON DRAIN
STATIONS.
 
INPU
T ST
ATIO
N (2
)
OUTP
UT S
TATI
ON ﬁ
g?)
Unit
Area
Load
Unit
Area
Load
Weig
hted
Tota
l Lo
ad (
kg/
(kg/
ha/y
r or
Z of
Annu
al
Weig
hted
Tota
l Lo
ad (
kg/
(kg/
ha/y
r or
Z of
Annu
al
Mean
(mg/l
)
yr
orse
ason
)
seas
on)
Load
***
Mean
(mg/l
)
yr o
r se
ason
)
seas
on)*
*
Load
***
1975—
76 HA
TER Y
EAR“
0.035
2.534
o .5
23
0.047
--
0.044
9.262
+ .9
43
0-080
***
Fall
, 7
5 (
62
days
)
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
———
Win
ter
, 7
5—76
N.l-‘
.
NJ".
14.11
N.F.
0.0
45
0.8
71
0.0
10
-——
(59
days)
Spr
ing
Runo
ff,
76
0.0
10
0.5
88
1
.041
0.0
11
-—-
0.0
41
lo.2
56 _
.226
0.0
44
———
(62 days)
Spr
lng
Pos
t R
uno
ff,
0.0
79
0.9
91
1
.21
0
0.0
18
—-—
0.0
42
2.3
78
_
.24
4
0.0
16
———
76 (4
6 day
s)
+
___
__1
Sum
mer
, 7
6
0.1
14
0.2
28
t
.051
0.0
04
--
0.0
23
2-28
1 1
.545
(137 days)
\
f
s
o
N
~
l
4
.
4
,
N
+
+
___
___
KO
197
6—7
7 W
ATE
R Y
EAR
0.2
43
3.4
69
1 5
.l2
5
0.0
65
———
0.1
28
52.
006
1 9
.55
0
Fal
l,
76
(62
day
s)
NJ"
.
NJ“
.
N.F
.
N.F
.
N.D
.
N.D
.
~——
—-
Wi
nt
er
.
76
—7
7
N.
F.
um
.
N.F
.
NJ
“.
0.
02
5+
2.
21
8
t
.69
6
——
—
——
—
(68
da
ys
)
Sp
ri
ng
Run
off
,
77
0.
24
3
2.9
56
1
.74
4
0.
05
5
—-—
0.
14
6+
20.
174
:
1.
57
4+
———
———
(
5
3
d
a
y
s
)
Sp
ri
ng
Po
st
Ru
no
ff
,
N.
D.
N.
D.
N.I
).
N.
D.
N.
D.
N.
D.
N.
D.
N.
D.
77 (4
6 day
s)
Su
mm
er
,
77
N.
D.
N.
D.
N.
D.
N.
D.
N.
D.
N.
D.
N.
D.
N.
D.
(1
37
da
ys
)
. = No flow
during this
period.
. No d
ata coll
ected.
+ a Includes lake discharge also.
* - 1975
-76 wate
r year c
alculate
d from A
ugust 28
, 1975 t
o August
27, 1976
to avoid
includin
g lake d
ischarge
.
** - Add
ed unit
area loa
d 18 loa
d contri
buted by
spray si
te (outp
ut load
minus in
put load
).
Percent
of annua
l load i
s calcul
ated by
adding s
easonal
values a
nd divid
ing, not
by separ
ately ca
lculated
water ye
ar data.
I
I
n
c
 TABLE
22'-
DATA
SUMMA
RY FO
R STR
EAM E
XPORT
0F AM
MONIA
—NITR
OGEN
FOR T
HE FE
LTON
DRAIN
STATI
ONS.
INPUT ST
ATION (2
)
OUTPUT S
TATION (
10)
Unit Area Lo
ad
Uﬁfl krea Lo
ad
Weighted
Total Load
(kg/ (kg
/ha/yr or
Z of Annual
Weighted
Total Load (
kg/ (kg/
hs/yr or
X of Annual
Mean (mg/l)
yr or season
) seas
on)
Load***
Mean (mg/1)
yr or season
) seas
on)**
Load***
1975-7
6 HATE
R YEAR
*
0.042
3.043
- .98
7
0.057
***
0.038
8.004
.t 1.2
03
0.059
***
Fall,
75 (
62 d
ays)
0.03
7
0.27
5 *
1.139
0.00
5
11.31
0.09
0
0.65
9 1
.683
0.00
5
———
a
.
Winte
r. 75
-76
N.F.
N.F.
N.F.
N.F.
0.077
1.465
1 .
322
0.017
———
(59 days)
Spri
ng R
unof
f. 7
5
0.03
9
1.414
1
.243
0.02
6
58.17
0.03
0
3.117
(62 days)
Sprin
g Pos
t Run
off,
0.057
0.721
1 .
093
0.013
29.66
0.035
2.016
1 .
265
0.024
———
76 (4
6 day
s)
summe
r. 76
0.010
0.021
* .0
06
0.000
4
0.86
0.030
+
3.008
t .
5707.
-———
——-
(137
days)
4
-
1
.358
0.037
--—
+
:3 1
975-7
7 "AT
ER YE
AR
0,603
8,613
1 14.
395
0.160
———
0.102
41.24
8 1 4
3.358
*
——~
—-—
Fall.
76 (6
2 day
s)
u,F_
u,F,
N.F.
N.F.
N.D.
+
N.D.
+
N.D.
N.D.
Winter
, 76_7
7
N.F.
N.F.
N.F.
N.F.
0.035
3.155
1 .4
05
--
——-
(68 days)
Spring R
unoff, 7
7 0
.603
7.344 x
2.090
(53 days)
Spr
lng
Pos
t R
uno
ff,
NJ).
NJ).
NJ).
N.D.
N-U-
N-D-
NJ).
NJ).
77 (46 days)
Summ
er,
77
N.D.
N.D.
N.D.
(137 days)
+
+
0.137
___
0.164
22.792
1 1.8
99
—-—
———
No flow during this period.
No data collected.
Includes lake discharge also.
1975—76 water year calculated from August 28, 1975 to August 27, 1976 to ayold including lake discharge.
Added unit area load 18 load contributed by spray site (output load minus input load).
Percent of annual load is calculated by addlng seasonal values and dividing, not by separately calculatedwater year data.
NJ
.
N.
D.
+
t
*
*
***
TABLE 2.3: DATA SUMMARY
FOR STREAM EXPORT OF KJE
L|)AHI. NITROGEN FOR THE
[WILTON DRAIN STATIONS.
 
INPUT STATION (2)
OUTPUT STATION (10)
«l
et
Unit Area Load daft Area Load
Weighted Total Load (kg/ (kg/ha/yr or Z of Annual Weighted Total Load (kg/ (kg/ha/yr or I of Annual
Mean (mg/1) yr or season) season) Load*** Mean (mg/1) yr or season) season)** Load***
1975-76 “ATER YEA” 1.366 97.83 2 5.60 1.320 Hm 1.129 238.64 I 7.46 1.669 ***
Fall. 75 (62 days) 0.985 7.28 1 1.65 0,135 3.92 0,947 6_92
1.57 —0.004 —-
Winter, 75-76
N-F-
N-F-
N.F.
N.F.
0.728
13.93 .64 0.165
—-—
(59 days)
Spring Runoff, 76 1.442
52.12 t 2.33
0.969
63.89
1.176
123.30
(62 days)
Spring Post Runoff, 1.537 19.29 1 .63 0359 23.65 1.129 64.61
76 (46 days)
Summer. 76 1.435 2.89: .22 0.054 3.54 1.1274r 112.32 ~ 1.67+ ——— ———
(137
days)
T
l
2.51 0.
844
-——
+
l
[.61 0.537 —-
‘
V
'
l
H 1976-77 HATER YEAR 2.087 29.82 1 30.44 0.555 -—— 2.986+ 1213.3 + 1078.1+ ——- -——
 
Fall, 76 (62 days) N.F. N.F. N.F. N.F. N.D. N.l). ——— —-
Winter, 76—77 N.F. N.F. N.F. NJ‘. 0308+ 81.3] 1 2.11 ——- -—
(68 days)
spring Runoff, 77 2.057 25.1.1 1 4.1.2 0.473 ——— 1.816+ 251.70 1 19.27+ ——— ———
(53 days)
Spring Post Runoff, N.D. N.D. NJ). NJ). NJ). N.D. NJ). N.D.
77
(46
days)
Summer, 77 N.D_ NJ). N.D. N.D. NJ). N.D. N.D. NJ).
(1
37
da
ys
)
N.I-'.
N.D.
+
t
*
*
***
No flow during this period.
No data collected.
Includes lake discharge also.
1975-76 water year calculated from August 28, 1975 to August 27, 1976 to avoid incleing lake discharge.
Added unit area load is load contributed by spray site (output load minus input load).
Percent of annual load is calculated by adding seasonal values and dividing, not by separately calculated water year data.
  
3
2
DAT
A S
UMM
ARY
FOR
STR
EAM
EXP
ORT
0F
CHL
ORI
DE
TA
BL
E
211
:
FOR
THE
FEL
TON
DRA
IN
STA
TIO
NS.
INPU
T S
TATI
ON (
2)
Unit A
rea Lo
ad
(kg
/ha
/yr
or
se
as
on
)
I of
Annua
l
Load***
Weighted
Mean
(mg/1
)
Tot
al
Loa
d
(kg
/
yr
or
sea
son
)
Weig
hted
Mean (mg/l)
OUT
PUT
STA
TIO
N (
10)
Total Load (kg/
yr
or
sea
son
)
Added.
Un
it
Ar
ea
Lo
ad
(kg/h
a/yr
or
se
as
on
)*
*
1 of
Annua
l
Load***
'k**
1975
-76
WATE
R YE
AR*
Fal
l,
75
(62
day
s)
Winter
, 75-7
6
(59
days)
Spri
ng R
unof
f, 7
6
(62
days)
Spri
ng P
ost
Runo
ff,
76
(46
day
s)
Su
mm
er
,
76
57
.9
69
(137
days)
100
.56
6
17
7.
60
4
N
.
F
.
7204
.9
t 93
7.6
1312
.1
1 7
38.7
N.
F.
134.01
24
. 40
N.
F.
24.64
N.F.
86.
573
3128
.4
i 2
58.7
58.1
9
58.7
5
61.1
68
767.
7 1
42.0
14.2
8
14.4
2
116.6 4 5.
1 2
.17
14
10
.3
+
“1
20
.4
N.
F.
19
76
-7
7
WA
TE
R Y
ear
.
26.
23
Fall.
76 (
62 d
ays)
Win
ter
, 7
6—77
(68
days)
Spring Runoff. 77
(53 days)
Spring P
ost Runo
ff,
77 (4
6 day
s)
Summe
r, 77
(137 days)
98.696
N.
F.
N.F.
N.
F.
N.
F.
N_F.
N.F.
N.F.
98.696
1201.8 I
159
.6
N.D.
N.D.
N.D. N.D.
71.640
85
.1
08
18
5.
58
4
71
.3
18
57.485
103.
111+
95
.9
36
+
N.U.
N.D.
+
97.
795
151
41.
1
622.3
3552.6 1
4
,
.
855.4
33
5.
2
38
2.
6
+
I
7478.3
+
1
246.6
3289.4 130.8
+
1
1027
6.0
217.
5+
+
1
38
98
4.
6
t
311
9.0
1r
N
.
D
.
N
.
D
.
135
57.
4
:
217
.2+
94.
09
~8.18
42.
12
51.
57
29.90
N.
D.
N.
D.
***
N.F.
= No
flow
durin
g thi
s per
iod.
N.D.
No dat
a coll
ected.
+ Includes
lake dischar
ge also.
* =
1975
—76
wate
r ye
ar c
alcu
late
d fr
om A
ugus
t 28
, 19
75 t
o Au
gust
27,
1976
to a
void
** 2
Added
unit
area
load
is lo
ad co
ntrib
uted
by sp
ray s
ite (
outpu
t loa
d min
us in
put
in
cl
ud
in
g
lak
e
load).
dis
cha
rge
.
***
8 Pe
rcen
t o
f an
nual
load
is c
alcu
late
d by
addi
ng s
easo
nal
valu
es
and
divi
ding
, n
ot b
y s
epar
atel
y ca
lcul
ated
wate
r ye
ar
data
.
TABLE ZS
: DATA
SUMMARY
FOR b'l'RE
AM EXPOR
T OF CAL
CIUM FOR
THE FELT
ON DRAIN
STATIONS
.
 
INPUT STATION (2)
OUTPUT STATIA‘? (10)
Unit Area Load Unit Area Load
Weighted Total Load (kg/ (kg/ha/yr or Z of Annual Weighted Total Load (kg/ (kg/ha/yr or Z of Annual
Mean (mg/1) yr or season) season) Load*** Mean (mg/l) yr or season) aeason)** Load***
1975~76 HATER YEAR* 66.070 4733.5 1 553.6 88.04 *** 102.117 21586.6 + 1153.9 199.80 ***
Fall, 75 (62 days) 36.587 270.3 1 266.4 5.03 6.42 105.206 769.3 + 370.0 5.92
Winter, 75-76 N.F. N.F. N.F. N.F. 111.959 2143.2 1 139.0 25.41 --
(59 days)
Spring Runoff, 76
71.100 2569.3 1 12
5.1 47.79
61.07 98.258
10303.2 1 322.2
91.69 --
(62 days)
Spring Post Runoff, 97.711 1226.3 1 69.7 22.81
29.15 107.404 6146.0 1 325.8 58.33
76 (46 days)
+
+
Summer
. 76
70.271
141.3
1 15.9
2.63
3.36
57.572
5737.6
1 408
.5
———
“—
(137 days)
3
3
+
+
1976—77 HATER YEAR 69.660 995.4 0 832.6 18.50 ——— 51.329 20858.2 + 1011.2
+
+
Fall, 76 (62 days) N.F. N.F. N.F. N.F. 1.4.022 3598.9 + 138.2 ——— ——-
.+ V +
Winter, 76-77 N.F. N.F. N.F. N.F. 41.912 3752.5 2 75.3 ——— ———
(68 days)
+ + -_ ___
Spring Runoff, 77 69.660 848.3 1 120.9 15.80 -—— 52.596 7391-4 1 190-8 ‘
(53 days)
Spring Post Runoff, N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
77 (46 days)
Summer, N.I). N.l). N.D. N.D. NJ). N.D. N.D. N.1J.
(1
37
da
ys
)
. No flow during this period.
No data collected.
Includes lake discharge also.
1975-76 water year calculated from August 28, 1975 to August 27, 1976 to avoid including lake discharge.
Added unit area load is load contributed by spray site (output load minus input load).
Percent of annual load is calculated by adding seasonal values and dividing, not by separately calculated water year data.
1
|
F
u
n
+ a
t
-
**
a
“ct
n
 TA
BL
E
26
:
DA
TA
SU
MM
AR
Y
FO
R
ST
RE
AM
EX
PO
RT
OF
SO
DI
UM
FOR
THE
FEL
TON
DRA
IN
STA
TIO
NS.
197
5-7
6
WAT
ER
YEA
R*
Fa
ll
,
75
(6
2
da
ys
)
Wi
nt
er
,
75
-7
6
(59
da
ys
)
Sp
ri
ng
Ru
no
ff
,
76
(62 d
ays)
Sp
ri
ng
Po
st
Ru
no
ff
,
76 (46 days)
Summe
r, 76
(137 days) ,
19
76
-7
7
HA
TE
R
YE
AR
Fa
ll
,
76
(6
2
da
ys
)
Winter
, 76~7
7
(68
days)
Sp
ri
ng
Ru
no
ff
,
77
(53
days)
Sp
ri
ng
Po
st
Ru
no
ff
,
77
(46
day
s)
Sum
mer
,
77
(1
37
da
ys
)
We
ig
ht
ed
Hean
(mg/1)
62
.2
31
78
.4
53
N
.
F
.
50
.3
14
36
.5
29
35.
499
72.221
N.
F.
N.
F.
72
.2
21
N.
D.
IN
PU
T
ST
AT
IO
N
(2
)
To
ta
l
Lo
ad
(k
g/
yr
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58
.4
1
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i
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6.
4
N.
F.
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.9
1
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7.
8
45
8.
4
i
35
.4
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.4
1
6.
0
10
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.0
1
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01
.6
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F.
N.
F.
8
7
9
.
5
1
16
0.
0
N.D.
Un
it
Ar
ea
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ha
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r
se
as
on
)
82.
924
10
.
N.
F
78
0
40.
917
1
8.5
26
1.3
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19.
N.F
N.F
1
9
5
Ib.30
Lo
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Z
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An
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Lo
ad
**
*
**
*
17.
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F.
66.
48
13.
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2
.
1
0
N.
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.0
2
37
7.
0+
33
46
3.
0
:
12
44
.3
+
66
19
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INP
UT
STA
TIO
N (
2)
OUT
PUT
STA
TIO
N (
10
a
Uni
t A
rea
Loa
d
Uni
ihk
rea
Loa
d
Wei
ght
ed
Tot
al
Loa
d (
kg/
(kg
/ha
/yr
or
1 o
f A
nnu
al
Wei
ght
ed
Tot
al
Loa
d (
kg/
(kg
/ha
/yr
or
Z o
f A
nnu
al
Mea
n (
mg/l
)
yr
or
sea
son
)
sea
son
)
Loa
d**
*
Mea
n (
mg/1
)
yr
or
sea
son
)
sea
son
)**
Loa
d**
*
1975
-76
WATE
R YE
AR*
15.4
98
1110
.3 t
369.
0
20.6
51
***
14,5
44
3073
.8 1
; 39
4.1
21.2
78
***
Fall
, 7
5 (
62
days
)
16.
713
123
.5 a
! 1
81.2
2.29
7
14.
9.8
31
71.9
t
16.3
—0.
612
———
Wint
er.
75-7
6
N.F.
N.F.
N-F.
N.F.
4.789
91.7
1' 3
1.6
1.087
-~
(59
days)
Spri
ng R
unof
f,
76
15.2
60
551.
4 3'
111.
7
10.2
56
62.6
8
12.1
075
1308
.1
i
60.1
8.97
]
—-—
(62 days)
Spri
ng P
ost
Runo
ff’
15.5
67
195.
4 t
72.1
3.63
4
22.2
1
17.5
72
1005
.5 *
2 1
17.6
9.60
4
—-—
76 (46 days)
+
Summ
er,
76
4.64
9
9.4
t 6
.4
0.17
5
1.07
639
3+
657.
11:
117.
6
———
-——
Lo
(1
37
da
ys
)
U1
+
+
1976
-77
HATE
R YE
AR
18.9
26
270.
4 A:
591.7
5.029
—-—
11.9
23
4845
.2 t
1750
.4
———
———
+
Fan,
75 (
62 d
ays)
N.F.
N.F.
N.F.
N.F.
4.17
2+
341.1
x 3
9.7
———
———
+
"int
er,
76-7
7
11.1:
N.F.
N.F.
N.F.
4.31
.9+
386.
7 1
: 2
7.1
——~
———
(68 days)
Spri
ng R
unoff
, 77
(53 d
ays)
Sprin
g Pos
t Run
off,
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
77
(46
day
s)
Summe
r, 7
7
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
(1
37
da
ys
)
.
+
18.
926
230
.5
1
85.
9
11.2
87
———
18.
74’3
+
259
8.4
4:. 5
28.
5
-——
———
 
N.F. = N
o flow d
uring th
is perio
d.
N.D. -
No dat
a coll
ected.
+ - Includes lake discharge also.
* - 19
75-76
water
year c
alcula
ted fr
om Aug
ust 28
, 1975
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st 27,
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o avoi
d inc
luding
lake d
ischar
ge.
** - A
dded u
nit ar
ea loa
d is l
oad co
ntribu
ted by
spray
site (
output
load m
inus i
nput l
oad).
*** -
Percen
t of a
nnual
load i
s calc
ulated
by add
ing se
asonal
values
and di
viding
, not
by sep
aratel
y calc
ulated
water
year d
ata.
 
 lO.2.5/ll.2.5 BASELINE WATERSHED STUDIES
The runoff from a non—irrigated old field watershed was also studied as
background data for this project. These data are presented in Tables
28—32 and represent the lowest loadings to be expected from watersheds
in this area since much of the native N and P were "mined" by farming
prior to abandonment of this site. Water budget calculations suggest
that nearly all input water not lost by evapotranspiration is lost by
“stream” export byway of the still functional tile system and little
groundwater recharge occurred from this watershed. This lack of sig—
nificant recharge was the result of an apparently almost continuous clay
lens underlying the watershed and the still functional tile.
lO.2.6/ll.2.6 WINTER IRRIGATION STUDIES
From the results of this study, a number of conclusions can be drawn con—
cerning the impact of secondary municipal sewage effluent irrigation on
an unmodified natural watershed during northern winters. Soil frost pene-
tration into the soil was apparently prevented by beginning irrigation
early in the winter season which subsequently built up a protective ice
pack. This procedure allowed significant infiltration from ice melt at
the ground surface to occur throughout the winter on a site which had good
infiltration characteristics, and runoff volume was reduced as a result.
Site saturation evident at the end of the winter operations could impair
spring irrigation operations. Groundwater and runoff quality was poor
during the winter periods compared to the rest of the year. Nitrate
accumulation occurred in the groundwater and levels could ultimately
exceed the standard of IO mg—N/l, although they did not in this experiment.
In terms of total mass applied, effective phosphorus renovation occurred
during winter operations but high concentrations in surface runoff
exceeded 1.0 mg-P/l.
Irrigation during the winter months with low nitrogen wastewater is an
obvious solution to the nitrogen infiltration problem. This low nitrogen
wastewater is available in the WQMP lake system in the late fall as a
result of lake mediated N stripping processes, and irrigation from the
end of the lake system could continue into the winter months while new
effluent is taken in at the head of the lake system. Winter irrigation
for phosphorus removal could proceed until the lake effluent nitrogen
concentration reaches 10 mg—N/l, effectively increasing the operating
season of the system by several months. Phosphorus retention could be
enhanced by diking or contour plowing to increase soil contact. Winter
wastewater irrigation can therefore be a potentially viable management
option for operation of a combined land-lake treatment system for nitrogen
and phosphorus renovation.
lO.2.7/ll.2.7 MILL CREEK
The data indicated that most of the sediment transport occurs in the winter
and spring when runoff is largest. The quantity of pesticides (DDT, DDE
and Atrazine) and suspended sediment leaving the watershed suggest that the
suspended sediment loss is directly proportional to the magnitude of the \
surface runoff. Because of its mode of transport, one would EXPECC that the
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TOTAL P . WOLYBDATE REACTWE P
Unit Area Load
Unit Area Load
Weighted Total Load (kg/ha/yr or Z of Annual Weighted Total Load (kg/ha/yr or Z of Annual
Mean (mg/1) (kg/yr or season) season) Load ** Mean (mg/1) (kg/yr or season) season) Load**
1975—76 WATER YEAR 0.073 1.369 1 .264 0.177 * * 0.028 0.526 ' .124 0.068 * *
Fall, 75 (62 days) 0.069 0.107 1 .086 0.014 8.80 0.063 0.098 _ .087 0.013 20.21
Winter, 75-76 N.F. N.F. N.F. N.F. N.F. NJ". N.F. N.F.
(59 days)
1
.
Spring Runoff, 76 0.067 0.634 1 .045 0.082 52.14 0.022 0.208 1 .013 0.027 42.69
(62 days)
Spring Post—Runoff, 0.074 0.359 1 .077 0.046 29.52 0.028 0.136 1 .046 0.018 28.04
76 (46 days)
3
7
Summer, 76 0.193 0.116 1 .662 0.015 9.53 0.071 0.043 1 .241 0.006 8.87
(137
days)
1976*77 WATER YEAR 0.133 0.474 1 .199 0.061 ——~ 0.043 0.152 ' .050 0.020 -~
Full, 76 (62 duyS) NJ". NJ". N.F. NJ". N.F. N.F. N.F. N.F.
WlnLer, 76-77
N.F.
NJ“.
NJ".
N.F.
N.F.
N.F.
N.F.
NJ“.
(68 days)
Spring Runoff, 77 0.133 0.325 .1 .029
0.042
--
0.043 0.105 t .007
0.014 —“
(53
days
)
Spring Post-Runotf, N.D.
N.D.
N.D.
N.D. N.D.
N.D.
N.D.
N.D.
77
(46
days)
Summer, 77
N.D.
N.D.
N.D.
N.D. N.D.
N.D.
N.D.
N.D.
(13/ days)
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(kg/ha/yr or
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a/yr
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se
as
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Annua
l
Load**
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hted
Mean
(mg/1)
Total Load
(kg/
yr o
r se
ason
)
Tot
al
Loa
d
(kg/
yr o
r se
ason
)
Weighted
Mean (mg/1)
Z of
Annua
l
Load**
0.115 * *
0.021
20.60
N.
F.
0.078
0.011
N.F.
1.4
58
t .
866
0.017
1 .03
8
N.
F.
0.189
0.002
N.F.
19 75- 76
WATER YE
AR
Fall, 75
(62 days)
Winter
, 75—7
6
(59
days)
0.0
47
0.8
91
1 .
130
0.106
0.165
I .103
N.F.
N.F.
N.F.
Spring
Runoff,
76
0.048
0.453
3 .022
0.059
56.55
0.046
.054
0.057
(62 days)
Spring
Post-R
unoff,
0.027
0.131
1 .019
0.017
0.174
.397
0.109
76 (4
6 day
s)
Summer,
76
0.087
0.052
1 .395
0.007
0.047
0.028
1 .113
0.004
(137 days)
3
8
0.0
29
N.F.
N.F.
1976
—77
WATE
R YE
AR
Fall,
75 (
62 d
ays)
Winter, 76-77
(68 days)
Spring R
unoff, 7
7
(53
days
)
0.257
N.
F.
N.F.
0.119
-—-
N.F.
0.0
62
N.F.
N.F.
N.1".
N.l".
0.233 1 .054
N.
F.
N.F.
N.F.
0.257
0.630
t .046
0.082
--
0.062
0.l53
1 .008
0.020
Spring Post—
Runoff, N
.D.
77 (46 days)
Summe
r, 7
7
(137
days)
*
*
1.28
N.
F.
33.21
N.F.
N.F.
n
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ng this peri
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No data
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lcr year
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HL NITKUCEN
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(kg/yr o
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)
Unit
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/y
r
or
season
Z of
Annua
l
Load**
1975—76 WATER YEAR
Fall, 75 (62 days)
Winter, 75—76
(59 days)
Spring Runoff, 76
(62 days)
Spring Post-Runoff,
76 (46 days)
Sunmcr, 76
(137 days)
1976—77 WATER YEAR
Fall, 76 (62 days)
“Inter, 76-77
(68
days
)
Spring Runoff, 77
(53
days
)
Spring POSL‘Runoff,
77 (46 days)
Summe
r, 7
7
(1
37
da
ys
)
0.017
N.
D.
N.
F.
0.018
0.014
0.007
0.310
1 .19
6
N.
D.
N.
F.
0.1
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t .
047
0.069
1 .02
8
0.004 1 .021
N.F.
0.034 t .004
0.0
40
N.D.
N.F.
0.0
22
0.009
00
00
5
0.006
N.
F.
N.
F.
0.004
**
N
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N.’.
N.
F.
N.
F.
0.561
0.479
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F.
0.449
0.805
0.8
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0.771
N
.
F
.
N.
F.
0.771
10.545 1 2.118
0.749 1 .270
N.F.
4.275 1 .139
1.900
1 1.036
0.538
1 .98
5
2.755
1 1.13
7
N.F.
N
.
F
.
1.890 1 .165
1.365
0.097
N.
F.
0.551
0.506
(1.1
1/()
0.3
57
N.F.
N.F.
0.245
41.25
5.
68
N.
F.
N.
’.
N.
N
.
B
4
C
3
¥
H
v
No flow d
uring thi
s period.
No data c
ollected.
Percent of an ann
ual load calculat
ed by adding
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calculated water
year data.
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values an
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 TABLE 5\3
DATA SUM
MARY FOR
STREAM E
XPORT OF
’ SUSPEN
DED SOLI
DS AND C
HLORIDE
FOR THE
7.73 ha
BASELINE
WATERSHE
D.
CHLORIDE
SUSPENDED SOLIDS
Unit Area Load
Unit Area Load
Weighted
Total Load
(kg/ha/yr or
Z of Annual
Weightgd
Total Load
(kg/ha/yr or
Z of Annual
Mean (mg
/1) (k
g/yr or
season)
season)
Load**
Mean (mg
/l) (k
g/yr or
season)
season)
Load**
1975—76 HATE
R YEAR
15.627
293.88 3 56
.89
38.043
* *
11.425
214.86 3 129
.72 2
7.814
———
Fall, 75 (62
days) 18
.377 2
8.715 1 35.0
83 3
.717
11.17
N.D.
N.D.
N.D.
N.D.
Winter, 75-76 N.F. N.F. NJ". NJ“. NJ“. N.F. N.F. N.F.
(59 days)
Spring Runoff, 76 16.547 157.40 1 13.97 20.375 61.23 5.454 51.88 t 6.43 6.716 ~——
(62 days)
Spring Post—Runoff, 14.220 68.98] i l0.l68 8.930 26.83 17.753 86.12 i 23.95 11.148 —-—
76 (46 days)
Summer, 76 3.289 1.985 t 6.958 0.257 0.77 69.146 41.72 1 663.80 5.401 --
(137
days)
4
0
1976—77 WATER YEAR 56.710* 202.59 t 81.304’ 26.225‘ ——— 14.783 52.81 1 17.87 6.836 ———
Fall, 76 (62 days) N.F. N.F. N.F. N.F. N.F. N.F. N.F. N.?.
Wlnter, 76-77 N.F. N.F. N.F. N.F. N.F. N.F. N.F. N.F.
(68 days)
Spring Runoff, 77 56.710* 139.00 1 11.81* 17.994* ——— 14.783 36.23 1 2.59 4.690 ———
(53
days
)
Spring Post—Runoff, N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
77 (46 days)
Sunmmr, 77 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
(137 days)
F. = No flow during this period.
D. = No data collected.
* = Apparent contamination from adjacent spray site.
** = Percent of annual load calculated by addition seasonal values and dividing by sum,
not by separately calculated water year data.
N.
N.
TABLE 3?
: DATA S
UMMARY F
UR STREA
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UM AND C
ALCIUM F
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.73 ha B
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WATERSHE
D.
 
CALCIUM
SODIUM
Unlt Area Load
Unit Area Load
Weighted
Total Load
(kg/ha/yr or
Z of Annual
Weighted
Total Load
(kg/ha/yr or
Z of Annual
Mean (mg/1)
(kg/yr or sc
asnn) sea
son)
Lnad**
Mean (mg/1)
(kg/yr or se
ason) sea
son)
Load**
1975—76 WATE
R YEAR
36.899
693.93 L [00
.96 89
.829
* *
16.629
312.74 + 77
.73 4
0.484
* *
Fall, 75 (62
days) 59
.098 9
2.35 1 36.4
9 11.9
55
14.53
18.107
28.29 L 33.
00 3
.662
11.28
Winter, 75—7
6 N
.F.
N.F.
N.F.
N.F.
N.F.
N.F.
N.F.
N.F.
(59 days)
Spring Runof
f, 76 3
2.990 3
13.78 : 18.
03 40.
619
49.37
18.746
178.31 1 15
.79 2
3.082
71.09
(62 days)
Spring Post-
Runoff, 4
4.140 2
14.13 1 24.
55 27.
719
33.69
8.923
43.29 t 8.
87 5
.604
17.26
76 (46 days)
Summer, 76
25.278
15.253 1 31
.515 1
.974
2.40
1.568
0.946 t 5.1
46 0.
122
0.38
(13/ days)
4
1
1976-77 WATER YEAR
47.348 169.14 1 8
2.99 21.895
—- 26.921
96.17
Fall, 76 (62 days)
N.F. N.F.
N.F. N.F.
N.F. N.
+
|
61.65
12.449
——-
N.F.
N.F.
N.F.
N.F.
L
L
.
Winter, 76~7
7 N
.F.
N.F.
N.F.
N.F.
N.F.
N.
(68 days)
Spring Runoff, 77
47.348 116.05 1 1
2.05 15.023
——— 26.921
65.98 i 8.95
8.541 --
(53 days)
Spring Post—Runoff,
N.D. N.D.
N.D. N.D.
N.D. N.D.
N.D. N.D.
77 (4
6 day
s)
i
n
 
Summer, 77
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
(137 days)
H
L
L
2
No flow during this period.
No data
collecte
d.
** = Percent of annual
load calculated by addin
g seasonal values and d
ividlng, not by separat
ely calculated water ye
ar data.
I
I
5
z
 
  
pesticide adsorbed on the sediment should have a similar relationship to
surface runoff. Indeed. this is the case for DDT, however, DDE does not
appear to be correlated with surface runoff. This discrepancy in the
case of DDE would suggest that variables other than surface runoff influ—
ence
the
tran
spor
t of
this
pest
icid
e, e
.g.,
time
of a
ppli
cati
on a
nd h
ence
,
availability.
Data
obta
ined
for
the
mont
hs o
f Ma
y t
hrou
gh J
une
sugg
ests
that
the
pest
i—
cide transported in solution is the same order of magnitude as that trans-
ported on the suspended solids. This result coupled with the fact that
our measurements of sediment discharge indicate that the major movement
of s
edim
ent
occu
rs i
n th
e wi
nter
and
spri
ng w
hen
stre
am f
low
rate
s ar
e
largest, would indicate that the winter—spring season is potentially the
period of maximum pesticide transport.
One can tentatively conclude that the only significant pesticide movement
from the watershed would include the no longer used and persistent chlor—
inated hydrocarbons and the herbicide Atrazine. The only organophosphate
found is Guthion. No other classes of pesticides have been detected.
The
magn
itud
e of
the
susp
ende
d se
dime
nt l
eavi
ng t
he w
ater
shed
does
not
pose
a serious problem when considered alone, but is apparently quite important
when
cons
ider
ed a
s a
tran
spor
t ag
ent.
Sinc
e mo
st o
f th
e su
spen
ded
sedi
ment
is transported during the winter—spring period, it is evident that the
potential for adsorbed pesticides to be transported is greatest in these
seasons. Of course, the degree to which this potential is realized is
determined by the availability of pesticides.
Loads for nutrients from Mill Creek are shown in Tables 33—35. No loads
for pesticides are available at this time. Recalculation using IJC sug-
gested techniques requires extensive data reformatting and results will
not be available until April 1978.
lO.3/ll.3 POINT:NoN—PDINT DISTRIBUTION
Data from both Mill Creek and the Felton—Herron Studies reflect non—point
sources only.
10.4/11.H RELATIVE SIGNIFICANCE OF LAND USES AND PRACTICES
"Single" land uses are being studies thus relative significance compari—
sons will have to be made with outputs from other studies. The relative
significance of practices within wastewater irrigation sites can be com—
pared as well as comparisons between the output of wastewater irrigation
sites and conventional secondary and tertiary treatment plants.
lO.5/ll.5 DELIVERY RATIO
We have no data base wtih whichto calculate delivery ration from either
Mill Creek or Felton-Herron Creek to the mouth of the Grand River, Michigan.
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We have a substantial data base to calculate the delivery ratio between
the constituents in wastewater input and those that ultimately reach
surface or groundwater. We support the notion of assuming a long—term
delivery ratio of unity for phosphorus after it reaches a stream. For
nitrate we assume a delivery ratio of unity between the subsoil (below
the root zone) and groundwater. Furthermore, at this time we assume a
delivery ratio of unity through the entire soil column during the winter
months for nitrate.
lO.6/ll.6 TO WHAT DEGREE ARE THESE POLLUTANTS TRANSMITTED
FROM SOURCES TO BOUNDARY WATERS
This section would relate only to the Mill Creek Study and since sampling
stations were not established on the lower Grand River, answers to this
question would be speculative.
10.7/ll.7 TRANSFERABILITY
Data from both the Mill Creek and Felton—Herron Creek Should have trans-
ferability. The needed information at this time is adequate land use
data from other parts of the basin.
 12.0 RECOMMENDATIONS
12.1 FELTON-HERRON CREEK
Developing at an accelerating rate in the Great Lakes drainage basin are
alternatives to the traditional waste treatment plants in the form of
land disposal of wastes. These offer the potential of producing an end
product that does not contain those elements recognized as detrimental to
the eventual receiving waters. They also offer the important option of
converting those nutrient elements which are becoming increasingly expen—
sive and in short supply into food and fiber for reuse. There are numerous
examples of wastewater systems based on land disposal and the uptake of
nutrient materials by plants and animal associations.
It is believed that the use of land and natural ecosystems to recycle and
reclaim the elements of our wastewaters will find increasing acceptance
to the point of becoming an important adjunct in the treatment of domestic
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(B)
Perennial
grasses
are
the most
effective
vegetation
at
removing
N
from wastewater.
Harvesting
can extend
active
uptake
through
October.
Thus,
effective
N
removal by
vegetative uptake
can be
expected from April through October with proper managements
with
rates
up
to
10
cm/week
of wastewater
application.
(C)
Legumes
such
as
alfalfa
are
about
as
effective
as
perennial
grasses
at N
removal
except
that
irrigation should
be
limited
to
2.5
cm/week
for
a
3 week
period
after
harvest
since
uptake
is reduced during this period.
(2)
Soils
are
effective
at P
sorption so
that P concentrations
of water
leaching
past
the root
zone
on irrigated
sites
approaches background
levels.
Thus,
groundwater
loading with
P is
a
function
of
leachate
quantity
but
concentrations
are
low
enough
that
there
are
no problems
with groundwater contamination.
(3)
Runoff
from spray sites should be avoided.
Tiles draining such sites
often
have
direct
surface
connections
through
sand
lenses which
lead
to d scharge
of water with
P concentrations
over
one
mg/l during
some
actual spray events.
These peak concentrations are of short duration
and
drop
rapidly
as
actual
irrigation
ceases.
On a mass
balance
basis,
such
high
concentrations
account
for only
a small
percentage
of discharged water and P removal by tiled systems is high
(over 80%).
(4)
Mature beech—sugar
maple
forests
are
not
efficient
at
removal
of
N
from wastewater.
Such
mature
forests
should
not be
used
for waste-
water renovation.
12.2 MILL CREEK
It would appear that the predominant factor affecting the appearance of
pesticide problems in the Great Lakes in the nature of the chemical for—
mulation of the pesticide itself.
Persistent compounds such as the
chlorinated hydrocarbons are apparently being transported
to the lakes
despite their lack of use for several years in the watershed.
Transport
of these compounds
are tied closely with the movement of suspended sedi-
ments,
thus it would seem that measures
to control sediment movement
would also control the movement of chlorinated hydrocarbons.
The problem
in the lakes, however,
is apparently slowly improving as these compounds
reach their ultimate sink in some unavailable compartment of the ecosys-
tem or as they are degraded into more harmless forms.
In short,
this
problem should take care of itself in time assuming no further use of
these compounds.
Atrazine and Guthion do appear in Mill Creek but their significance as a
problem in the Great Lakes is unclear at this time.
Misuse and accidents
with pesticides can be expected no matter how strict a particular set of
regulations is inforced.
The only safeguard under these circumstances
is to ban the manufacture and use of formulations that could cause long—
term problems in the event of a single accidental introduction.
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